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APPLICATION OF NEURAL NETWORKS 
FOR RUBRICATION OF NATURAL 
LANGUAGE TEXTS 

V. Savchenko, Postgraduate Student 
Altai state technical university named after I.I. Polzunov, 
Russia 

The article deals with the method of machine learning using an 
artificial neural network for classification of texts in Russian. 

Keywords: neural network, graph, term, analysis, column. 

Conference participant 


nPHMEHEHHE HEHPOHHBIX CETEH 
J\. JW PYBPHKALIHH TEKCTOB HA 
ECTECTBEHHOM A3BIKE 

CaBueHKO B.B., acnnpaHT 

AjiTancKHH rocynapCTBeHHBin TexHHuecKHH yHHBepCHTeT 
hm. H.H. rioji 3 yHOBa, Poccmi 

B CTarte paccMaTpHBaeTca MeTOA MamnHHoro odyneHna /uni 
KJiaCCH(J)HKaUHH TeKCTOB Ha pyCCKOM H3BIKC, KOTOpBIH HCnOJIB3yeT HC- 
KyccTBeHHyio HenpoHHyio ceTt. 

RjiioueBbie cjioBa: HefipoHHaa ceTt>, rpac|), TepM, aHajiH 3 , pydpHKa 

ynaCTHHK KOH(J)epeHUHH 
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Phc. 1. Tpa(|) TepMOB. 


H a eeroAmmiHHH Aem>, b ycjiOBHux 
CTpeMHTenBHO pacTymero o6b- 
eMa HH^opMaifHH, aKTyanBHa 3a^aua 
pydpHKaifHH TeKCTOB, npe^CTaBjieHHBix 
Ha ecTecTBeHHOM n3BiKe. Pa3JiHHHBie 
pemeHHn ^aHHoii 3a^auH Haxo^T CBoe 
npHMeHeHHe b thkhx odnacTux, ok: 
odpadoTKa hoboctch, (jmjiBTpaijmi cna- 
Ma, KjiaccH^HKaifna 6h6jihotchhbix Ma- 
TepHanoB h t.a. Ochobhbimh MeTOAaMH 
pememui hbjhhotch MeTOAti MamnHHoro 
odyneHmi (mctoa Baiieca, MeTOA Pome, 
MeTOA k-djimoHHiHx eoce^eH h t.a.)? a 
TaK UK e MeTO^bl, OCHOBaHHBIX Ha 3HaHH- 
nx (3KcnepTHBie chctcmbi). 

B flaHHOH padoTe npeACTaBjieH Me- 
toa MamnHHoro odyueHHa rjik Kjiae- 
CH(j)HKaifHH TeKCTOB Ha pyCCKOM H3BIKC, 
KOTOpBIH HCnOJIB3yeT HCKyCCTBeHHyiO 
HeiipoHHyK) eeTB ajhi aHajiroa xapaKTe- 
Phcthk TeKCTa. PeajiH30BaHHan HCKye- 
CTBeHHaa HeiipoHHaa eeTB npeACTaBjmeT 
codon mhotocjiohhbih nepifenTpOH. Od- 
ynemie nponexoAHT e noMomBio Kjiae- 
CHuecKoro MeTO^a odparaoro paenpo- 
CTpaHeHHn omndKH. B onecTBe (jiyHK- 
H,HH aKTHBaifHH HCnOJIB3yeTCH (JtyHKUHa 
OepMH (3KcnoHeHifHajiBHan CHmoH^a) 

F(s)= , r^e s - ypoBeHB bxoa- 

i+ e - 2as 

hoto CHTHana, a - 3a,a,aHHBiH K03(J)({)HifH- 
eHT. 

B cbok) ouepe^b xapaKTepHCTH- 
KH TeKCTa OCHOBBIBaiOTCa He TOJIBKO 
Ha KJHOHeBBIX CJIOBaX, HO H Ha CJIOBaX, 
CB33aHHBIX C KJHOHeBBIMH nO CMBICJiy. 
HcXO^HBIMH ^aHHBIMH HBJIHeTCH CJIO- 
BapB, OCHOBaHHBIH Ha TOJIKOBOM CJIO- 

Bape 0)KeroBa, b kotopom npeACTaBjieH 
nepeueHB TepMOB b HopMajiBHon (JiopMe. 
Ka>K^OMy TepMy conocTaBneH Hadop 
TepMOB, CBH3HBIX C HHM aCCOIfHaTHBHOH, 
CHHOHHMHaJIBHOH H T CB33BIO. TaKHM 


odpa30M, enoBapB npeACTaBjraeT codon 
rpa(J), r^e BepniHHBi — enoBa, a pedpa 
HMeiOT BeCOBBie K03(J)(J)HIfHeHTBI OT 
0 AO 1. 

MOAH(j)HIfHpOBaHHBIM MCTOAOM 
^encKTpBi HaxoAHM Bee BepniHHBi rpa- 
4) a (TepMBi), yAaneHHBie ot KjnoneBBix 
TepMOB pydpHKH Ha paCCTOUHHH, He 
npeBBimaiomeM 3aAamioe 3HaueHHe: 

R(k)=(f\Wi)*t\ 

i = 1 

r^e k — BepmHHa rpatjia, Wi — Bee 
pedpa e HHAeKCOM z, n — kojihucctbo 
pedep, CB^ 3 yiomHx BepmHHy k e Bepmn- 
HOH KJHOHeBOTO TepMa, t - K 03 (J)(J)HIfHeHT 
3 aTyxaHH 5 I 3 HaHHMOCTH. 

CTpyKTypy rpacjja HJunocTpHpy- 
eT (JiparMeHT, npeACTaBneHHBiH Ha 


pHcymce 1 , r^e «AemoMo6ujib» - Kjnone- 
boh TepM pydpHKH, «TpaHcnopmHbiu», 
«Cpedcmeo», «KojiecHbiu», «Ka6puo- 
nem» - TepMBi, paecTomoie ot Kjnone- 
boto TepMa ao kotopbix He npeBBimaeT 
3aAaHHoro 3HaneHmi, «N» - TepMBi, pae- 
CTOUHHe AO KOTOpBIX npeBBICHJIO yo- 
3aHHoe 3HaueHHe. 

Pa 3 Mep bxoahoto cjioh HeiipoHHOH 
eeTH paBeH KOJIHHCCTBy KJHOHeBBIX Tep- 
MOB pydpHKH. Bbixoahoh cjioh HMeeT 
ABa BBixoAa, no 3 HaneHHio kotopbix 
M 05 KH 0 CAeJiaTB BBIBOA — npHHaA- 
Jie 5 KHT JIH TeKCT A a HHOH pydpHKe HJIH 
HeT. OdpadaTBmaeMBiH tckct (dyAB 
TO TeKCT H 3 BBldopKH odyUCHHH HJIH 
TeKCT, pydpHKy KOTOporo HeodxoAHMO 
onpeAejiHTB) noABepraeTca aHajiH 3 y. 
TepMBi TeKCTa npHBOA^TC^ K HOpMaJIB- 
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hoh (j)opMe. 3Toro 3a^eHCTBOBaHa 
6H6jiHOTeKa lucene — KpoccnnaT(J)op- 
MeHHaa Java dudjiHOTexa, pa3pa6oTaH- 
Haa KOMnaHHH Apache, h 6h6jihotc- 
Ka rassianmorphology [5]. CuHTaeTca 

n 

yAajieHHOCTB R(k)= cn^o * t n TepMa 

/= 1 

ot Ka)K^oro KjiiOHeBoro TepMa pydpHKH. 
IlojiyHeHHBie 3HaueHHa cyMMHpyiOTca c 
eooTBeTCTByiomHMH 3HaneHHiiMH £py- 
thx TepMOB TeKCTa: 

S[k]=Y^Wi, 

i = 1 

me Wi — paccToaHHe ot TepMa i #o 
KjiiOHeBoro TepMa k, n — kojihhcctbo 
T epMOB TeKCTa. nojiyneHHBie 3HaneHHa 
HOpMHpyiOTca b 3aBHCHMOCTH ot pa3Me- 
pa TeKCTa. TaKHM o6pa30M, Ha BBixo^e 
nojiynaeM 3HaneHHa rjik bxo/jhoto cjioa 
H eHpoHHoii ceTH. ,H,ajiee npoHcxoflHT 
odyneHHe HefipOHHOH cera c noMomBio 
odynaiomeH bbi6opkh (tckctbi c 3aBe#o- 
mo H3BecTHOH pydpHKofi). H nocne 06- 
yneHHa HCKyccTBeHHaa HeHpOHHaa eeTB 
roTOBa k aHajiH3y TeKCTa. 

B KanecTBe npHMepa paecMOTpHM pe- 
3yjiBTaTBi aHajiH3a ^Byx py6pHK - aBTOMO- 


6hjih h KOMnBiOTepBi. 3th py6pHKH HMe- 
K)T HeCKOJIBKO 06 lIJHX KJIIOHeBBIX TepMOB, 

HanpHMep «moh;hoctb», «ckopoctb», 
«o6bcm» h t.a. IIojiyHeHHBie pe3yjiBTaTBi 
TeCTOB ^aJIH OTHOCHTeJIBHO XOpOHIHH pe- 
3yjiBTar — ot 77% jjp 84% tckctob 6bijih 
ycneniHO pacno3HaHBi (pncyHOK 2). IIpH 
3TOM HCn0JIB30BaJiea 0£HH CJIOH Hefi- 
pOHHOH ceTH. YBeJIHHeHHe KOJIHHeCTBa 
BHyTpeHHHX CJIOeB HefipOHHOH ceTH He 
AaJIO nOJIO)KHTeJIBHBIX pe3yjIBTaTOB H3-3a 
He^ocTaTOHHoro KOJinnecTBa npHMepOB 
odynaiomefi BBi6opKH. K uacrauHOMy 
yjiyHHieHHio pe3yjiBTaroB paeno3HaBaHHa 
npHBeJIH 3KCnepTHBie MOflH(j)HKaiJHH B HC- 
xo^hom cnoBape TepMOB. TaKHM o6pa30M, 
ochobhbimh HanpaBjieHiuiMH Ha flajiBHen- 
mee yjiyHHieHHe KanecTBa paeno3HaBaHHa 
aBjiaiOTca - eoBepuieHCTBOBaHHe hcxoa- 
hoto ejiOBapa h yBejiHneHHe odyuaiomefi 
BBl60pKH. 
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YAK 004.9 

PEAJIH3AUUH nPOUECCA OTEOPA 
HH)KEHEPHO-TEXHHHECXHX 
PAEOTHHKOB C nOMOlIlEK) 
ABT0MATH3HP0BAHH0H 
HHTEJIJIEKTyAJIBHOH 
HHOOPMAIJHOHHOH CHCTEMEI 

Eapdapa A .J\., concicaTejiB, ct. npeno/faBarenb 
Ky36accKuu rocyAapCTBeHHtm TexHHnecxHH yHHBepCHTeT 
HMeHH T.O. TopdaueBa, Poccnn 

PaccMOTpeH npouecc OTdopa xaHannaTOB Ha nojuKHOCTb HH^ce- 
HepHO-TexHHuecKoro padoTHHKa, onpenejieHbi ocHOBHEie xapaKTe- 
Phcthkh, HcnojibsyiomHecfl npn oueHKe. IlpeaJio^ceHa cncTeMa kom- 
njieKCHoii oueHKH HTP, peamoyioiuafl OTdop, kslk no KOJinnecTBeH- 
heim, Tax h KanecTBeHHbiM npH 3 HaxaM. 

KjnoneBbie cjioea: KOMneTeHTHOCTb nepcoHana, KOMncTCHitHH, 
KOMnnexcHaa oueHxa nepcoHana, HH^opMaunoHHaa cncTeMa. 

Y HaCTHHK KOH(J)epeHUHH, 

HaunoHajibHoro nepBeHCTBa no HayHHoii aHanuTHKe, 

OTKpbiToro EBponeiicKO-A 3 HaTCKoro nepBeHCTBa no HaynHoii aHajiHTHKe 


http://dx.doi.org/10.18007/gisap:tsca.v0i8.1420 


y ronbHaa OTpacjib Ky3dacca pa3BH- 
BaeTCa BbICOXHMH TeMIiaMH, nOCTO- 
aHHO pacTeT ^odtiua yrnn, npoBonHTcn 

MOAepHH3ai^HH TeXHOJIOrHH Aodbiuu H 
odopyuoBaHtui. O/jHaxo HadntonaeTcn ne- 
(JiHifHT KBajiH(J)HifHpOBaHHbix HTP, cneifH- 
aJIHCTOB H padOHHX. OCHOBHBIMH IIpHHH- 
HaMH M05XH0 Ha3BaTB nOTepIO npeCTJDKa 
maxTepCKoii npo(J)eccHH, a Taxnce OTcyr- 
CTBue b KOMnaHuax ueneHanpaBneHHOH 
Ka/tpoBOH nojiHTHKH. TpaMOTHbiu no/fdop 
nepcoHana nBnneTcn 3ajioroM CTadujiBHoii 
h de3onacHoii padoTbi juodou KOMnaHuu, 
a aBTOMaTH3aifua noBbimaeT 3(j)(j)exTHB- 
HOCTB 3THX npOIfeCCOB. 

rpaMOTHO npoBe^eHHan oijeHxa 
noMoraeT npHHHMaTB 3(j)(j)eKTHBHBie 
ynpaBjieHuecKHe pemeHHn u Becra xa- 
ApOByio nojiHTHKy. B naHHOH CHTyauuu 
Ba5xeH CHCTeMHBiu no^xoA, Tax xax npo- 
ife^ypa oifemcn nepcoHana BxmonaeT b 
cedn 3HaHnn n TexHOJiornn H3 pa3Jinn- 
hbix OTpacjien Hayxn, Taxnx xax Me- 
He^ncMeHT, ncnxojiornn, coifHonornn, 
HH(J)OpMaifHOHHBie TeXHOJIOrHH, MeTO^bl 
aHajiH3a ^aHHbix n Ap. 

npn peajiH3aifnn chctcmbi oifeH- 
xn HeodxoAHMO peniHTt pn# npodneM, 
cpenn xoTOpbix mo)xho Bti^ejinTt npo- 
dneMy onepaTHBHoro n odbexTHBHoro 
u3MepeHun KOMnemewmiocmu nepcona- 
jia , conocTaBjieHHe 3 thx oifeHOx c no- 
xa3arennMH xanecTBa n 3(})(|)exTHBHOCTH 
^enTejiBHOCTH nocpe^CTBOM aBTOMaTH- 
3npOBaHHBix chctcm ynpaBneHHn. 


npn OTdope xaH^n^aroB Ha flonnc- 
hoctb HTP Heodxo/fHMO oiTjaBaTB npe#- 
nouTeHHe Handonee nepcnexTHBHBiM h 
noTeHifnajibHO cnocodHBiM xaH^H^a- 
TaM. Ecjih 3a^ana onpefleneHnn coot- 
BeTCTBHn xaHAHnaTOB HeodxonHMbiM 
CTaH^apTaM H HOpMaTHBaM ^OCTaTOHHO 
xopomo pemaeMa, to BbinBHTb Taxne na- 
paMeTpbi xax jihhhbic xanecTBa, cnocod- 
hocth - npodneMa donee cnonman H3-3a 
cnadoii (j)opManH3aipiH. 

OcHOBHbie eno5XHOCTH nonyneHHn 
^ocTOBepHBix AaHHtix aaxmonaiOTcn b 
cne^yiomeM: 

- cnmxHO pa3padoTaTb TOHHyio 
Moment ^enTentHOCTH HTP BBH^y He- 

B03M05XH0CTH HHCneHHOK) OlfeHHBaHHfl 
Bcex napaMeTpOB; 

- AenTentHOCTB, CBn3aHHan c py- 
xobo,z],ctbom b donbineH CTeneHH oijeHH- 
BaeTcn xanecTBeHHbiMH napaMeTpaMH, 
Hencenn xonHnecTBeHHbiMH; 

- 3HauHTeni>Han norpemHOCTt 
oifeHHBaHHn 3a cneT nenoBenecxoro 
(jmxTopa; 

- nocTonHHoe H3MeHeHHe npo- 
ifecca ^enTentHOCTH HTP c yneTOM H3- 
MeHeHHH b TexHonorHuecxHx npOH3BO£- 
CTBeHHtix npoifeccax. 

J\jik ({)0pManH3aifHH ^enTentHOCTH 
HTP h oifeHXH xaH^H^aTOB mo>xho hc- 
nonb30BaTb cne^yiomne hctohhhxh hh- 
({)0pMaifHH: 

- ^oxyMeHTbi H3 nnuHoro ^ena; 

- HopMaTHBHbie ^oxyMeHTti, pe- 


rnaMeHTHpyiomHe ^enTentHOCTB padoT- 
HHxa; 

- MHeHHe COTpy^HHXOB, npOBO- 
AHBmnx codece^OBaHne; 

- MHeHHe HauanbHHxa, xonner, 
no^HHHeHHbix; 

- pe3ym>TaTi>i npo(J)OTdopa h aTTe- 
CTaifHH. 

Pe3iOMHpyn BbimeH3no)xeHHoe, 
npe^naraeM Moment HTP paccMOTpeTb c 
no3HH,HH ueTbipex rpynn xoMneTeHifHH 
(xauecTBeHHbie xapaxTepHCTuxu): 

npo(J)eccHOHani>Hi>ie (BxmouaiomHe 
nBK h cneifHantHyio xoMneTeHTHO ctb) ; 

- coifHantHO-xoMMyHHxaTHBHbie; 

- nHHHOCTHBie; 

- odmexymnypHEie. 

Conep)xaHHe rpynn h omicaHHe xom- 

neTeHUHH onpenenmoTcn Ha ochobc aHann- 
3a nOniXHOCTHBIX HHCTpyXUHH, TpedoBaHHH 
x nonncHOCTH, noTpedHOCTen xoMnaHHH. 

KpoMe xanecTBeHHBix xapaxTepn- 
cthx mo}xho Hcnonb30BaTB h xonHue- 
CTBeHHbie, X XOTOpBIM OTHOCnTCn: 

- non xaH^H^aTa; 

- Bbicnyra neT; 

- B03pacT; 

- om>iT padoTti Ha pa3nnnHbix 
^onncHOCTnx, b oeodeHHOCTH - no npo- 
$nnio npe^CTonmen ^enTentHOCTH; 

- xonnuecTBO h ypOBeHb noompe- 
hhh; 

- ypOBeHb odpa30BaHHn, xonn- 
necTBO h cneifHanH3aifHn oxoHneHHbix 
ynedHbix 3aBeAeHHH; 
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- xapaKTepHCTHKH; 

- 6Horpa(f>HHecKHe ^aHHtie; 

- BJia^eHHe HHOCTpaHHBIMH H3BI- 
KaMH; 

- yneHbie 3BaHHn h CTeneHH. 

Ha HanajibHOM 3Tane Heodxo^HMO 
npoBecra c6op cbcachhh o xaH^H^a- 
Tax no noKa3aTeji5iM 3(})(j)exTHBHOCTH 
pa6oTbi. B xanecTBe (JiaxTopOB 3(})(j)ex- 
THBHOCTH MoryT BBICTynaTB o6bCM AO- 
6bihh, TeMn npoxo^xn, nepHOAHnecxoe 
BtmojiHeHne njiaHa, xojihhcctbo noom- 
peHHH (B3BICKaHHH) 3a OTHeTHBIH nepn- 
0£, naCTOTa B03HHXH0BCHH5I aBapHHHBIX 
CHTyan,nn, BpeMn npocTOn n t. n. 3a- 
TeM npOBO^HTCa KJiaCCH(j)HKaiJ,H3 HTP 
no pe3yjiBTaTaM pa6oTBi, OTdnpatOTca 
pa6oTHHKH c jiynniHMH n cpe/jHHMH 
noxa3arejniMH. fl,ajiee npoBO/jHTCn 3xc- 
nepTHaa oijemca ypOBHn KOMneTem^nn, 
no pe3yjiBTaraM KOTOpon npHHHMaeTCn 
pemeHne o noBBimeHnn xBajiHc[)Hxaii,HH, 
o6yneHHH, nepeno/jroTOBxe, noBBime- 
hhh, 3anncjieHHH b jihhchhbih pe3epB 
hjih OTceBe KaH^n^aTa. B npoijecce pa- 
6 otbi npoBO^HTca cpaBHHTejiBHBin aHa- 
JIH3, npn nOCTpOeHHH HHTerpHpOBaHHOH 
MO^enn HTP aji n Ka5K^on rpynnBi xom- 
neTem^HH bbihhcjmctcii bccoboh xo3(j)- 
(J)Hi^neHT, a Tax>xe Haxo^HTCn 3aBHCH- 
MOCTB MQHKJXy 3(J)(J)eKTHBHOCTBK) pa60TBI 
n ypOBHeM KOMneTem^nn. 

Tax xax ^aHHan npoi^e^ypa npefl- 
CTaBjiaeT co6on npoijecc npHmrran pe- 
memra, b pe3yjiBTaTe xoTOporo BBi^aeTca 
3axjnoneHne, npoexTHpOBaHne sxcnepT- 
HOH CHCTeMBI n03B0JIHT aBTOMaTH3HpO- 
BaTB npoijecc oijchxh xaH^n^aTa. 3xc- 
nepTHan cncTeMa no3BOJinT pacmnpHTB 
B03M05XH0CTH CneiJHaJIHCTOB Xa^pOBOH 
cjiy)x6Bi, HaxonjieHHBie 3HaHHn n onBiT 
b npoijecce oxcnnyaTai^nn chctcmbi 
c^ejiaiOT bo3mo}xhbim pa6oTy «Hecne- 
i^najincTOB» b ^aHHon npe^MeTHon 06- 
jiacTH. KpOMe Toro nporpaMMa He no#- 
Bep}xeHa smoijhum, ycTanocTH, ee bo 3- 
M05XH0CTH He HCCUXaiOT CO BpeMCHCM, 
OHa ycTOHHHBa x BHeniHHM «myMaM», 
a pacinnpjnomaflcji 6a3a 3HaHHH ^ejiaeT 
ee Bee 6ojiee 3(})(j)exTHBHBiM n mohjhbim 
HHCT pyMeHTOM OIJCHXH. 3aMeTHM, HTO 
oxcnepTHBie chctcmbi mo)xho npHMe- 
hutb j\im xoHcyjiBTHpOBaHna tojibxo no 
cnei^najiBHBiM BonpocaM npn npHHUTHH 
pemeHHH, ohh noMoraiOT pacmnpHTB n 
ycnjiHTB bo3mo}xhocth nojiB30BarejieH. 

Pa3pa6aTBiBaeMan aBTOMara3Hpo- 
BaHHaa HHTejuiexTyajiBHaa HH(j)opMa- 
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ijHOHHan cncTeMa xoMnjiexcHon oi^eHxn 
HTP (CKO HTP) npe#Ha3HaHeHa 
peineHna cjie^yiomHx 3a£an: 

- aBTOMaTH 3 an,H>i npouejiyp xom- 
njiexcHon oijemcH, arrecTaijHH nepco- 
Hana; 

- (jiopMHpoBaHne pe 3 epBa Ha py- 
xoBO^nmne no 3 Hipni; 

- xa^pOBoe nepeMemeHne padoT- 
HHxa; 

- BBMBjieHHe xaH^H^aTyp Ha no- 
HH5xeHHe (coxpameHHe); 

- OI^eHXa 3 (})(})eXTHBHOCTH nOBBI- 
hichhh xBajiH^Hxai^HH (npo(J)eccHO- 
HajiBHoro pocTa); 

- C03^aHHe nporpaMM pa3BHTHn 
enei^HajiHCTOB Ha ocHOBaHHH pe3yjiBTa- 
TOB OIjeHXH. 

- B cncTeMe npeAJiaraeTcn peajin- 
30BaTB cjie^yiomHe ranBi oijeHOx: 

- peHTHHroBan oijemca; 

- sxcnepTHBie oijchxh; 

- xoHTpojinpyiomHe xypCBi (oijeH- 
xa cnei^HajiBHBix 3 HaHHn); 

- TecTBi (oijemca jihhhocthbix xa- 
necTB). 

OCHOBHOH eAHHHI^eil HH^OpMai^HH 
b cncTeMe nBjiaeTca xoMneTeHi^Ha, HMe- 
loman nflTB ypOBHen BBipaixeHHOCTH: 
«oneHB cjia6BiH», «cjia6BiH», «cpe,n,HHH», 
«bbicoxhh», «oneHB bbicoxhh». nepBBie 
^Ba ypOBH^ HBJHHOTCa HenpHCMJieMBIMH, 
cpe^HHii ypOBeHB CBn^eTejiBCTByeT o 
bo 3 mo)xhbix npo6jieMax h pexoMeH^yeT 
npoayMaTB nyTH hx pemeHHH, bbicoxhh 
H OHeHB BBICOXHH ypOBHH yxa3BiBaiOT Ha 
TO, HTO nOTCHH,HaJIBHO XaH^H^aT TOTOB X 
npO({)eCCHOHaJIBHOH ^eHTeJIBHOCTH b co- 
OTBeTCTBHH C ^OJI^CHOCTBIO (B03M05XH0 
noBBimeHHe, paciHHpeHHe 30 hbi otbct- 
CTBCHHO CTH, 3aHHCJICHHC B JIHHCHHBIH 

pe 3 epB). Tax xax xoMneTeHi^Ha - 3 to 
xanecTBeHHaa xapaxTepncraxa pa 6 oT- 
HHxa, to (|) 0 pMajiH 3 aijH 5 i ee b hhcjich- 
Hyio oi^eHxy B 03 M 05 XHa tojibxo c noMO- 
mBK) sxcnepTHBix oi^eHOx. 3 xenepTBi 
Ha 3 HanaiOTca H 3 nnejia pyxoBO^HTejieH 
oijeHHBaeMoro Jini^a, xojuier paBHoro 
^OJHXHOCTHOTO n 0 JI 05 XeHHH, nOAHH- 
HeHHBIX (eCJIH TaXOBBie HMeiOTCIl). B 
ejiynae OT 6 opa xaH^H^aTOB npn npn- 
eMe Ha pa 6 oTy sxenepTaMH MoryT 6 bitb 
pa 60 THHXH xa^pOBOH ejiy)x 6 Bi, jihi^o, 
npHHHMaiomee oxoHnaTejiBHoe perne- 
Hne (^aiomee pexoMeH^ai^mo o npneMe 
Ha pa 6 oTy). PexoMeH^yeMoe hhcjio 3 xc- 
nepTOB JIJI 5 I pajJOBBIX COTpy^HHXOB - 5 , 

£jin pyxoBOAHTejien - 7 . ^onycxaeTCn 


CHH5xeHHe HHCJia sxenepTOB ^o 3-4 ne- 
jiOBex. B eoneTaHHH e xanecTBeHHBiMH 
xapaxTepHCTHxaMH np0B0AHTC5i oi^eHxa 
no xojiHne CTBeHHBiM npH3HaxaM, nepe- 
HHCJieHHBIM BBIHie. 

AHajiH3Hpya Ha3HaneHHe chctcmbi, 
noTpe6HOCTH h i^ejin nojiB30BaTejieH, 
npe^MeTHyio o 6 jiacTB, npnxo^HM x bbi- 
Bojiy, hto aBT0MaTH3Hp0BaHHaa cncTeMa 
^ojnxHa hmctb cjiejiyiomyK) CTpyxTypy: 

- 6a3a ^aHHBix HcnojiB3yeTca Rim 
XpaHeHHH HCXO^HBIX CBe^eHHH o co- 
Tpy^HHxax, 3axjHoneHHH, BBi^aBaeMBix 
chctcmoh, pexoMeH^ai^HH no pa3BHTHio; 

- 6a3a 3HaHHH npeAHa3HaneHa fljia 
xpaHeHHn cneijHajiBHBix 3HaHHH h npa- 
bhji, xoTOpBie HcnojiB3yiOTC5i Rim nojiy- 
neHHa 3axjHoneHHH h pexoMeH^ai^HH; 

- 6a3a T3, KK npeAHa3HaneHa fljia 
xpaHeHHa, pe/jaxTHpoBaHHn h co3^aHHa 
TeCTOBBIX 3 a^aHHH (T3), XOHTpOJIHpyiO- 
mnx xypcoB (KK); 

- MO^yJIB o6pa60TXH ^aHHBIX He- 
o6xo#hm jinn apHtjjMeTHHecxoH h jioth- 
necxon o6pa6oTxn ^aHHBix, ({)opMHpo- 
BaHHH 3aXJHOHeHHH; 

- pa3BaCHHTeJIBHBIH XOMnOHCHT 

noacH^eT, xax cncTeMa nojiynnjia to hjih 
HH oe 3axjHoneHHe; 

- KHTep^enc nojiB30BaTejia npe^- 

Ha3HaneH rjisl opraHH3au,HH pa6oTBi 
nojiB30BaTejni. 

fl,jia nojiB30BaTejia chctcmbi CKO 
HTP onHcaHHn xoMneTeHi^HH h rnxajia 
oijeHOx npe^CTaBjiaeTCn b BH^e cnei^H- 
ajiBHOH (jiopMBi, b xoTopOH yxa3BmaeT- 
C 51 OHO H ^OJHXHOCTB OI^CHHBaeMOTO, 
OHO h ^ojhxhoctb sxcnepTa, flara 
oi^eHXH, nepencHB ypOBHen h hx onnca- 
Hne, nojie BBO^a oi^chxh. 

nocjie oi^eHXH coTpy^HHxa rpynnoH 
sxenepTOB npOBOAHTca aHajiH3 pacxojx- 
Aemra mhchhh sxenepTOB, b npoi^ec- 
ce xoTOporo bbmbji^iotc^ npeAB3aTBie 
sxcnepTBi, (jiopMajiBHO noAxo^umHe x 
^aHHOH npoi^e^ype hjih njioxo ocbc^om- 
jieHHBie o jjeirrejiBHOCTH oii,eHHBaeMO- 
ro. Bnocjie^CTBHH hx mhchhc jih6o He 
ynHTBiBaeTCn npn onpeflejieHHH oxoHna- 
TejiBHoro peHTHHra, jih6o x hx oijeHxe 
npHMeH^eTca noHH5xaiomHH bccoboh 

X03({)({)Hi;HeHT. 
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IDENTIFICATION OF CONTROL OBJECTS 
WITH THE DISTRIBUTED PARAMETERS 


V. Goncharov, Doctor of Technical sciences, Full Professor 
N. Quang Dung, Student 
T. Viet Dung, Student 

National Research Tomsk Polytechnic University, Russia 

In this paper the algorithm of identification of control objects 
with the parameters distributed in space is considered. Parameters of 
an object are found according to its experimental transitional pulse 
characteristic. Each of them can be presented by analytical expression, 
table or schedule. The example of receiving the transfer functions 
having irrational and transcendental components is carried out. 

Keywords: identification, control objects with distributed 
parameters, distributed parameters, irrational and transcendental 
transfer functions, real interpolation method. 
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n ojiyueHHe MaTeMaTHnecxoro onn- 
camia odueKTOB ynpaBjieHna aBjia- 
eTca BaacHOH 3aaanen b HccaeaoBaHHH 
CHCTeM aBTOMaTHuecKoro ynpaBjieHHa 
(CAY) h npH^aHHH hm aaanTHBHbix 
cbohctb. B paay Taxnx 3aaan ocodoe 
Me CTO 3aHHMaiOT BOnpOCbl H^eHTHljjH- 
xaifHH oduexroB ynpaBjieHHa c pacnpe- 
^ejieHHbiMH napaMeTpaMH. H3BecTHbi 
MHoronncjieHHbie oduexTbi, HMeiomne 
pacnpe^ejieHHbie b npocTpaHCTBe napa- 
MeTpbi. Handoaee 3aMeTHbiMH aBjiaiOT- 
ca HeKOTOpbie Tnnbi KOCMHHecKnx odi>- 
eKTOB, naHejin nx cojihchheix dampen, 
TenjiOBbie n 3HepreTHnecxHe oduexTbi, 
b nacTHOCTH, /fBHrarejiH BHyTpeHHero 
cropaHua, ycTponcTBa 3aKajiKH, HarpeBa, 
cymKH, odacnra n T.n., saexTponpHBoabi 
c pacnpeaeaeHHbiMH napaMeTpaMH Me- 
xaHHnecKHx 3JieMeHTOB, npHBa3Hbie 
dyKcnpyeMbie no^BO^Hbie annapara n 
MHorne apyrne oduexTbi. 

OeodeHHOCTH odteKTOB ynpaBjie- 
HHa c pacnpeaeaeHHbiMH napaMeTpaMH 
onpeaeaeHbi TeM, hto hx MareMaTHne- 
CKHe onncaHHa npeacmBaaiOT codon 
flH$({)epeHifHajibHbie ypaBHeHHa, ot- 
JIHHHbie OT odbIKHOBeHHbIX. UJHpOKO 
npHMeHaeMbin b TeopHH h b npaxTHxe 
aBTOMaTHnecKoro ynpaBjieHHa onepa- 
TOpHbiii MeToa nojiyneHna Moaeaeii 
flHHaMHnecKHx odueKTOB onpeaeaaeT 
CBa3b «Bxoa-Bbixoa» Meac^y jtByMa toh- 
xaMH oduexra, npHBoanT k onncaHHaM 
b BH^e cjioacHbix nepeaaTOHHbix cjjyHx- 
IfHH, Hx OCOdeHHOCTb COCTOHT B TOM, 
hto ohh coaep5xar HppaifHOHajibHbie h / 
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hjih TpaHcifeH^eHTHbie cocTaBjiaiomHe, 
He no3BOJiaiomHe MeToati h cpeacTBa 
pacnem o6t>cktob c cocpeaoToneHHbiMH 
napaMeTpaMH. 

B HacToameii padoTe paccMarpHBa- 
lOTca CTaifHOHapHbie jiHHeapH3yeMbie 
HenpepbiBHbie odtexTbi c pacnpeaeaeH- 
hbimh napaMeTpaMH. nepeaaroHHbie 
cjiyHKifHH TaKHx odtexTOB b odmeM CJiy- 
nae HMeiOT BHa [1] 


W(p) = sh Vt>, 

ch yjT 3 p, sh^jap 2 + bp + c...j. 


( 1 ) 


Haifra aaace Hecxoabxo xo3(j)(j)H- 
ifneHTOB (JiopMbi (1) Bceraa TpyaHO, a 
b dojibmHHCTBe caynaeB HeB03M0acH0. 
no3TOMy b HacToamee BpeMa pacnpo- 
CTpaHeH ynpomeHHbiii cnocod naeH- 
THiJjHKaifHH - noncK npHdjiHaceHHbix 
Moaeaeii oduexm b Kjiacce apodHO-pa- 
ifHOHajibHbix nepeaaTOHHbix (JjyHxijHH. 
Hhbimh cjiOBaMH, oduexT c pacnpeae- 
jieHHbiMH napaMeTpaMH onncbiBaiOT 
Mo^ejibio, eooTBeTCTByiomeH odueKTy 
c cocpe^OTOHeHHbiMH napaMeTpaMH. 
EcTecTBeHHO, hto mxaa 3aMeHa ynpo- 
maeT 3a^any H^eHTH^HKaifHH, ho cpa3y 
bhocht norpemHOCTb b pemeHHe 3 toh h 
nocjieAyiomHx 3 a^an [ 2 ]. 

BMecTe c TeM noHaTHO, hto perne- 

Hne cjie^yeT HCKaTb b BH^e, KOTOpbiii 

yHHTbmaeT pacnpeAeaeHHbix napa- 
MeTpOB, T.e. nepe^aTonHaa ^yHKifHa 
^ojiacHa co^epacaTb HppaifHOHajibHbie 
h TpaHcifeH^eHTHbie cocTaBjiaiomHe. 


B cjiynae Heodxo^HMOCTH ynpomeHHa 
3a^aHH ^0 ^podHO-paifHOHajibHoii (Jjop- 
mbi k Hen cjiejtyeT nepexoaHTb jinmt 
Ha 3aKjii0HHTejibHbix 3Tanax pacneTa 
CAY Taxaa CTpaTerna peKOMeHjtyeTca, 
b nacTHOCTH, b [3]. O^HaKO peajiH30- 
BaTb 3 tot BapnaHT b OTHomeHHH 3a^aHH 
H^eHTH^HKaifHH noxa He y^aeTca. AHa- 
jiHTHHe CKHe cnocodbi ^ocTHaceHHa ifean 
3^ecb npaKTHnecKH HepeaaH3yeMbi. B 
OTHomeHHH npHMeHeHHa hhcjichheix 
B apnaHTOB Toace HMeiOTca cymecTBeH- 
Hbie npenaTCTBHa. Tax, b caynae hc- 
noab30BaHHa Handoaee pacnpocTpaHeH- 
hoto nacTOTHoro noaxoaa npHxo^HTca 
Bbi^eaaTb BemecTBeHHyio h MHHMyio 
cocTaBaaiomne, hto b caynae caoacHbix 
nepe^aTonHEix (^yHKifHH npaKTHnecKH 
HepeaabHO. 

npeaaaraeMbiii noaxoa da3HpyeTca 
Ha BenjecTBeHHOM HHTepnoaaifHOHHOM 
MeTo^e (BHM) [4], KOTOpbiii xapaxTe- 
pH3yeTca ^ByMa raaBHbiMH ocodeHHO- 
CTaMH. nepBaa - Kax h npe^noaaraeT 
onepaTOpHbiii mqtojx, 3a^ana pemaeTca 
b odaacTH H3odpa)xeHHH, hto b bbihhc- 
aHTeabHOM OTHomeHHH HMeeT onpe^e- 
aeHHbie npeHMymecTBa. BTOpaa oco- 
deHHOCTb CBa3aHa c TeM, hto MO^ean, 
Hcnoab3yeMbie BHM, npe^CTaBaaiOT 
codon cjiyHxifHH c BemecTBeHHoii nepe- 
MeHHOH. noacHHM 3HaHeHHe nocaeflHeii 
oeodeHHOCTH. KaaccHHecxHe onepa- 
TOpHbie onncaHHa ^HHaMHHecxnx ch- 
CTeM npe^CTaBaaiOT codon ^yHxifHH c 
xoMnaexcHoii (b caynae npeodpa30Ba- 
HHa Jlanaaea) nan mhhmoh (b caynae 
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npeo6pa30BaHHJi Oypte) nepeMeHHOH. 
IlepeXOA K HHCJieHHbIM MOfleJIUM B 
3 thx ejiynanx Tpe6yeT paecMOTpemni 
TpexMepHbix npe^CTaBjieHHH hjih bbi- 
TjejieHHn BemecTBeHHBix h mhhmbix 
C 0CTaBJI5O0mHX, HTO npH HaJIHHHH Hp- 
pai^HOHaJIBHBIX H TpaHCI^eH^eHTHBIX eo- 
CTaBjifliomHx npo6jieMaTHHHO jiajxe npn 
HaJIHHHH ^OCTaTOHHO npOCTBIX BBipa5Ke- 
hhh, a b o6meM ejiynae HeB03M05KeH. 
npH HcnojiB30BaHHH BHM npenaTCTBHa 

CHHMaiOTCa. 

J\jik noflCHeHHa BHM h tcxhhkh 
ero HcnojiB30BaHHa HH^ce #aHBi KpaTKHe 
CBe^eHHa o MeTOfle, Heo6xo^HMBie rjisl 
pacKpBiTHa no^xo^a. 

1 . BemecTBeHHbiii HHTepnojinpo- 
BaHHblli MeTOA B 3 a^aHaX H^eHTH^H- 
iammi oSbeKTOB c pacnpe^ejieHHbiMH 
napaMeTpaMH 

BHM OTHOCHTCH K HHCJiy MeTO^OB, 
onepHpyiomHx MareMaraHecKHMH onn- 
CaHHUMH H3 o6jiaCTH H306pa5KeHH5L Me- 
to a 6a3HpyeTca Ha BemecTBeHHOM hhtc- 
rpajiBHOM npeo6pa30BaHHH, 

F(S) = f(t)e s 'dt,S g[C,co),C>0 (2) 

KOTOpOe CTaBHT B COOTBeTCTBHe 

opHrHHany f(t) H3o6pa)KeHHe F(8) b 
BHjje (J)yHKi^HH BemecTBeHHOM nepeMeH- 
HOH 5. OopMyny npuMoro npeo6pa30- 
BaHHa (2) M05KH0 paCCMaTpHBaTB KaK 
nacTHBin ejiynaH npaMoro npeo6pa30- 
BaHHa Jlanjiaca npH 3aMeHe KOMmieKC- 
hoh nepeMeHHOH p = S + jco na Beme- 
CTBeHHyio 5. Eme o^hh mar, HanpaB- 
JieHHBIH Ha pa3BHTHe HHCTpyMeHTapHa 
MeTO^a, - nepexoA ot HenpepBiBHBix 
^yHKi^HH F(S) k hx ^HCKpeTHBiM aHa- 
noroM c i^ejiBio npHMeHeHHfl epe^CTB 
BBIHHCJIHTeJIBHOH TeXHHKH H HHCJICH- 

hbix MeTO^OB. ,ZJjia 3 thx ijejieii b BHM 
BBe^eHBI HHCJieHHBie XapaKTepHCTHKH 
{F(^.)} . Hx nojiynaiOT KaK eoBOKyn- 
HOCTB 3HaneHHH (J)yHKI^HH F(8) B y3jiax 
S. = 1,2,..., 77 , me rj - kojihhcctbo 3Jie- 

MeHTOB HHCJieHHOH XapaKTepHCTHKH, 
Ha3BmaeMoe ee pa3MepHOCTBio. 

Bbi6op y3JiOB HHTepnojiHpOBa- 
hhh 5. nBjmeTCn Be^yn^HM 3TanoM npn 
nepexo^e k ^HCKpeTHOH (jjopMe, ot- 
Ka3BiBaa cyn^ecTBeHHoe Bjirnmne Ha 
BBIHHCJIHTeJIBHBie 0C06eHH0CTH H TOH- 

hoctb pememra 3a#an. Paenpe£ejieHHe 
y3JiOB b Han6ojiee npocTOM BapnaHTe 
npHHHMaiOT paBHOMepHOM. Eme o/jho 
B a)KHoe noji05KeHHe BHM - Hajimme 
nepeKpecTHoro CBOHCTBa npeo6pa30- 


BaHHn (2). Oho coctoht b tom, hto no- 
Be^eHne (JiyHKijHH F (8) npH 6 ojibihhx 
3HaneHHHx apryMeHTa 5 onpe^ejiaeTca 
B OCHOBHOM nOBe/JCHHeM OpHTHHaJia f(t) 
npn MajiBix 3HaneHH5ix nepeMeHHOH t. 
CnpaBe^jiHBO h o6paraoe: noBe/jenne 
(J)yHKi^HH F ( S ) npn MajiBix 3HaneHH«x 
apryMeHTa 5 onpeAejineTCn b ochob- 
hom noBe^eHneM opnrHHajia f(t) npn 
6 ojibihhx 3HaneHHax nepeMeHHOH t. 
3to o6ecnenHBaeT bo3mo)khoctb npn 
noHCKe npH6jiH5KeHHBix pemeHHH nepe- 
pacnpe^ejiaTB norpenmocTB b o6nacTH 
BpeMeHH nyTeM cooTBeTCTByiomHx H3- 
MeHeHHH B o6jiaCTH H306pa5KeHHH [4]. 

npn paccMOTpeHHH b KanecTBe opn- 
THHaJIOB f(t) BpeMeHHBIX £HHaMHHeCKHX 
xapaKTepHCTHK ^HHaMHne ckhx chctcm 
(J)opMyjia (2) npHBO^HT k onepaTOpHBiM 
MO^eji^M, KOTOpBie npn onpe^ejiCH- 
HBIX yCJIOBHaX M05KH0 paCCMaTpHBaTB 
KaK nacTHBie cjiynan MOflejieii Ha 6a3e 
npeo6pa30BaHH^ Jlanjiaca. TaK, npn- 
HHMaa b (2) BMecTO (|)yHKH,HH f(t) nepe- 
xo^Hyio xapaKTepHCTHKy oGneKTa h(t ), 
nojiynHM ero nepe^aronHyio ^yHKi^mo 
W(S) = £ f ( t ) e ~ st dt , S g [C, 00 ), c > 0 . Ot- 
ClO^a M05KH0 HaHTH OJieMCHTBI £HCKpeT- 
hoh MO^ejin o6beKTa h ero nepe^aron- 
hoh (J)yHKi^HH, ocyn^ecTBHB npoije^ypy 
AHCKpeTH3ai^HH no y3JiaM S. = 1,2,..., 77 : 

W(S t ) = S™jh(t).e' s ‘'dt, i = U). (3) 

0 

MaTeMaTHnecKaa MO/jejiB oGneKTa 
B (J)OpMe HHCJieHHOH XapaKTepHCTHKH 
£OJI5KHa HMeTB 0^H03HaHHyi0 CB33B C 
HCXO^HOH HenpepBIBHOH BemeCTBeHHOH 
nepe^aTOHHOH (JjyHKijHeH. TaKyio cbh3b 
M 05KH0 yCTaHOBHTB C nOMOHJBK) CHCTe- 
mbi ajire6paHHecKHx ypaBHeHHH 


W(S t ) = W e 


,-M 1 

’Fa 


sh Fa, 


•JtAi , sh,JaS^~+lyS~+c... 


(4) 


3Ta cncTeMa ypaBHeHHH aBjiaeTC a 
ochoboh Rim onpeAejieHH^ hhcjichhbix 

3HaneHHH K03(J)4)Hi;HeHT0B HCKOMOH 
nepe^aTOHHOH (J)yHKi^HH. PaccMOTpHM 
3TOT nyTB. 

2 . AjirOpHTM H^eHTH (finical], HH 
o 6 beKToe ynpaejieHHH c pacnpeae- 
jieHHbiMH napaMeTpaMH Ha ocHOBe 
BemecTBeHHoro HHTepnojinpoBaHHO- 
ro MeTO^a 

3a^ana napaMeTpHnecKOH h/jchth- 
(J)HKau,HH o 6 bcktob ynpaBjieHHn c pac- 


npe^ejieHHBiMH napaMeTpaMH 3aKjno- 
HaeTcn b onpeflejieHHH HeH3Be cthbix 
K 03(|)(|)HH,HeHT0B nepe£aTOHHOH ^yHK- 
h,hh 3a^aHHOH CTpyKTypBi no OKcnepH- 
MeHTajiBHBiM nepexo^HBiM napaMeTpaM 
h(t) c ycjiOBHeM ^o cth^cchhh 3 a#aHHOH 
tohhocth (hjih HaHjiynmeii npn onpe- 
^ejieHHOH CTpyKType mo^cjih) b coot- 
BeTCTBHH C BBl 6 paHHBIM KpHTepHCM. Ha 
ocHOBe BHM pa 3 pa 6 oTaHa nocjieAOBa- 

TeJIBHOCTB AeHCTBHH, KOTOpaH M05KCT 

6 bitb npe^CTaBjieHa b BH^e cjie^yiomero 
ajiropHTMa. 

1 . Bbi6op y3JiOB HHTepnojiHpOBaHHn 
S. = 1,2,..., 77 h onpe^ejiCHHe pa3MepHO- 

CTH 77 HHCJieHHOH XapaKTepHCTHKH. 

2. nojiyneHHe hhcjichhoh XapaKTe- 
pHCTHKH HfleHTH(j)HijHpyeMoro o 6 beKTa 


3. CocTaBjieHHe h pemeHHe chctc- 
mbi ypaBHeHHH BH^a (4). 

4. Oi^eHHBaHHe tohhocth pemeHHH 

3a^aHH B COOTBeTCTBHH C npHHUTBIM 
KpHTepneM h KoppeKi^na pemeHHa, eejin 
3TO Heo 6 xOAHMO. 

noaCHHM TJiaBHOe B CO^ep}KaHHH 
K 2 LHKJIOTO H3 3TanOB. 

Bbi 6 op y 3 JiOB HHTepnojiHpOBaHHn 
^BjiaeTca, KaK yyK e 6 bijio otmchcho. 
Ba5KHBiM maroM, bo mhotom onpe^ejia- 
iomHM nocjie^yiomHe p e 3yjiBT btbi no 
tohhocth, HHCJiy onepai^HH h t.^. Bbi- 
6 op HaHHHaeTca e onpeflejieHHii nepBoro 
y3Jia. OopMyjia Rim paeneTa 8 X onpe- 
^ejieHa cjie^yiomHM ycjiOBHeM: no^BiH- 
TerpajiBHoe BBipa^ceHHe b v ^ojhkho no 
OKOHHaHHH ycTaHOBHBmeroea BpeMeHH 
t y yMeHBmHTBCH ^o npeHe 6 pe)KHMO 
MaJIOH BeJIHHHHBI, A = 0,001 H- 0,05 TO 
eCTB AOJI^CHO BBinOJIHUTBCH yCJIOBHe 
h(t )e~ Slt < A . OTCio^a Han^eTC^ paeneT- 
Hoe BBipa>KeHHe ^jia y3Jia 8 X : 


A, =s 


-ln(— ^— ) 

KQ_ 

t „ 


(5) 


OcTajiBHBie y3JiBi Haii^yTca no ye- 
jiobhk) paBHOMepHoro paenpeAejieHH^: 
S i =iS l ,i = 2,t], 


3a#ana BTOporo 3Tana coctoht b 
nojiyneHHH hhcjichhbix xapaKTepHCTHK 
no ({) 0 pMyjie (3). B peajiBHBix yejiOBH^x 
(|)yHKH,H^ h(t) onpejiejiaeTCfl b pe3yjiBTa- 
Te 3KcnepHMeHTa, no3TOMy 6 y^eT npe^- 
CTaBjieHa b BH^e rpa(J)HKa hjih Ta 6 jiHi^Bi. 
no 3 toh npHHHHe b (JjopMyjie (3) npnxo- 
^HTBCH nepeXO^HTB K HHCJieHHOMy HH- 
TerpHpOBaHHK), HcnojiB3ya, HanpHMep, 
paeneTHoe eooTHomeHHe 
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W(S t ) = S i m \h(t j ).e Sit At J ,i = l,j],j = l,N. (6) 

0 

TpeTHH 3 Tan CBirnH c cocTaBjieHHeM 
CHCTeMbi ypaBHeHHH Ha ocHOBe hhcjich- 
hoh xapaKTepHCTHKH { W{8 i )Y h nepe- 
^aroHHoii ^yHKi^HH (1): 

1 , Jd., sh 

^T 2 M S i 

ch sJT 4 m S i , sh^a M S ] 2 + b M 5 i + c M ... j i = \,rj (7) 

npH He 6 oJIBHIOM HHCJie HCKOMBIX XO- 
3 (j)(j)HipieHTOB, HTO HMeeT MeCTO B npaKTH- 
neexHx 3 a#anax, yzjaeTcn Haifm pemeHHe 
TaKOH CHCTeMbi C nOMOIHbK) CTaH^apTHblX 
npOipaMMHblX HpO^yKTOB. 

3 aKjHOHHTenbHbiH 3 Tan paeneTa Ha- 
npaBjieH Ha npOBepKy tohhocth nojiy- 
neHHoro pememra. ToHHOCTb pememra 
}KejiaTejibHO oijeHHBaTb nyTeM epaBHe- 
hhh nepexo^Hbix xapaxTepHcrax - 3 xe- 
nepHMeHTanbHOH h(t) h nojiyneHHOH 
MO^enH hjt). B 3 tom ejiynae /jocth- 
raeTca Bbieoxaa Harjia^HOCTb h bo 3- 
MO)KHOCTb yjiyHineHHfl peniemia. 

O^HaKO 3 TOT 3 aMaHHHBbIH BapHaHT 
Tpy^HO peajiH 30 BaTb, Tax xax nojiyneH- 
Haa nepe^aTOHHaa (jiyHxijmi co^ep)KHT 
Hppai^HOHajibHbie h/hjih TpaHci^eH^eHT- 
Hbie COCTaBJHHOmHe, HTO npaKTHHeCKH 
^ejiaeT HeB 03 M 0 )XHbiM nojiyHemie opn- 
rHHajia hjt). OcTaeTca BapnaHT npn- 
OjimxeHHoro o 6 pamemm H 3 o 6 pa)xeHmi 
W M (p,Jp\sh 4T“S„ch , HC- 

nojib 30 BaHHe kocbchhbix cnoco 6 oB oije- 
HHBaHHH tohhocth, HanpHMep, no na- 
ctothbim xapaxTepHCTHKaM jih 6 o Heno- 
cpeACTBeHHoe conocTaBjieHHe 3 HaneHHH 
napaMeTpoB, ecjin ohh H 3 BecTHbi. Cjie- 
flyeT TaK 5 xe hmctb b Bnjxy, hto oijeHxa 
tohhocth b npe^jiaraeMOH tcxhojiothh 

HfleHTH(j)HKaiJHH 06 bCKT 0 B HBJHieTCII 

He caMoi^ejibio, He 3 aBepmeHHeM pa 6 o- 
Tbi, a HHCTpyMeHTOM b nocjieAyiomeH 
HTepau,HOHHOH nocjie^OBaTejibHOCTH 
npH 6 jIH)KeHH 5 I K y^OBJieTBOpHTeJIbHOMy 
pemeHHio. 

noacHeHHJi paccMOTpeHHoro 
cnoco6a h^chth^ HK au,HH odparaMcn k 
pacneTHOMy npHMepy. 

3 . PacneTHbiii npmviep 

B KanecTBe npHMepa paccMOTpHM 
3a^any, xoTOpan HMeeT TOHHoe pemeHHe, 
no3BOJBnomee oijeHHTb nojiyHeHHbiH 
pe 3 yjibTaT nyTeM cpaBHemw xo 3 (|)(j)Hipi- 
eHTOB tohhoh h c^opMHpoBaHHOH nepe- 

^aTOHHblX (J)yHKH,HH. 

B xanecTBe hcxo^hoto ajiropHTMa 

io 


B03bMeM nepe^aTOHHyio (JiyHxijHio, onn- 
cbiBaiomyio t.h. KOpOTKHe Tpocbi [3]: 

F(p) = exp(-=i^). (8) 

vl + T.p 

3aecb t l - BpeMn npoxo)X£eHmi boji- 
hbi b^ojib Tpoca, T - nocToaHHoe Bpe- 
MeHH BHyTpeHHero TpeHmi. H3BecTHa 
3KcnepHMeHTajibHaa nepexo^Haa xapax- 
TepHCTHKa Taxoro o6bexra, HMeionjero 
napaMeTpbi t l = 0,05c h T = 0,01c. OHa 
He npHBe^eHa b pa6oTe, Tax xax npe#- 
CTaBjiaeT co6oh THnHHHyio mohotoh- 
Hyio xapaxTepHcraxy ^HHaMHneexoro 
oObexTa. B 3tom npHMepe 3a#ana eo- 

CTOHT B BbIHHCJieHHH 3HaHCHHH napa- 
MeTpOB r L h t no 3xenepHMeHTajibHOH 
xapaxTepHCTHxe h(t). ^onojiHHTejib- 
Haa mnjiopMaijmi 06 o 6 bexre - BpeMa 
ycTaHOBjieHHn nepexo/jHoro npoijeeea 
t y = 0,12c. Pa3MepHOCTb hhcjichhoh xa- 
paxTepHCTHxn onpe^ejieHa hhcjiom hc- 
XOMblX X03(J)({)Hi;HeHTOB: 77 = 2 . ripHHIIB 
b (jiopMyjie (5) A = 0,001, HaiifleM 3Ha- 
neHHe nepBoro y3Jia, 3aTeM no yejiOBHio 
paBHOMepHOH ceTxn BTOporo: = 57, 

d 2 = 114. 

npH napaMeTpax HHTerpnpOBaHHa 
A t= 0, 001 h N= 120 no ({) 0 pMyjie (6) onpe- 
AejiHTca HHCJieHHaa xapaxTepneraxa 
oObexTa: {W(S l )} 2 ={0, 09804; 0, 01 890}. 
Tenepb mojxho eocTaBHTb encTeMy 
ypaBHeHHH BH^a (7): 

Sir 

W(S 1 ) = exp( . 1 ) = 0,09804, 

Vl + 57r 

-1 14r 

W(S 2 ) = exp( J-- ) = 0,01890. 

[ V J >/1 + 114t 

PemeHHe CHCTeMbi #aeT cjie^yiomHe 
pe3yjibTaTbi: t Lm =0,05133 ; t m =0,01020. 

Pe3yjibTaTbi mo>xho npH3HaTb 
y^OBjieTBOpHTejibHbiMH. Bbuin Haii- 
AeHbi oi^eHxn Ha ochobc nacTOTHbix 
xapaxTepHcrax. Ohh to hkq noxa3ajin, 
hto yjiynmaTb pemeHHe HeT Heo6xo- 
Ahmocth, no3TOMy 3a^ana CHHTaeTca 
pemeHHoii. 

3aKjiioHeHHe 

B pa6oTe npe^jiojxeH cnoco6 H^eH- 
TH(jmxaijHH o6bexTOB ynpaBjieHH^, 
onHCbiBaeMbix nepe^aTOHHbiMH $yHx- 
i^humh c xapaxTepHbiMH j\im o6bexTOB 
c pacnpeAejieHHbiMH napaMeTpaMH - c 
HppaiJHOHaJIbHbIMH h/hjih TpaHci^eH- 
AeHTHblMH COCTaBJBHOmHMH. CnOC 06 
ocHOBaH Ha npHMeHeHHH MamHHHO- 
opHeHTHpOBaHHoro MeTO^a, no3BOJi^io- 
mero npHBjiexaTb HHCJieHHbie mcto^bi h 
i^H(f)poBbie BbiHHCJiHTejibHbie epe^CTBa. 
Cnoeo6 MOUKQT 6bITb HCnOJIb30BaH 


pacneTa peryji^TOpOB CAY. Eme o^ho, 
npaMoe HanpaBjieHHe b ero npHMeHe- 
HHH, - nocTpoeHne caMOHacTpaHBaio- 
mnxca peryjiaTOpOB, paOoTaiomnx Ha 
H#eHTH(j)HxaijHOHHOM npHHi^Hne. 
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AMBIVALENT SYSTEMS THEORY AND 
ITS APPLICATION 

V. Kiriy, Candidate of Technical sciences, Professor 
Irkutsk State Technical University, Russia 

The author presents the theory of ambivalent systems, its 
philosophical, mathematical and practical basis. The main feature 
of such systems is the existence of opposites and their reciprocal 
transition. Such criteria of assessment of the tension degree in the 
ambivalent systems as the acuteness of the contradictions and the 
degree of harmony are introduced. The author offers examples of 
practical application of the proposed theory in education, chemistry, 
and socio-economic systems. 

Keywords: ambivalent system, theory, homeostasis, antithesis, 
acuteness of the contradiction, degree of harmony, education, socio- 
economic systems. 
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TEOPHR AMEHBAJIEHTHbIX CHCTEM H 
EE nPHMEHEHHE 

KHpHH B.T., KaH/j. TexH. HayK, npoif). 

HpKyTCKHH TOCyZjapCTBeHHBIH TeXHHHeCKHH yHHBepCHTeT, 

Poccna 

B CTaTte npe^JiaraeTCH Teopna aMduBajiCHTHtix chctcm, ee cjmjio- 
co(J)CKne, MareMaTHuecKHe n npaKTHuecKne ochobbi. IIonHepKHBaeTca 
maBHaa ocodetmocTB TaKnx chctcm: Hajimme npOTHBonojicwKHOCTen 
h hx B3aHMHBiH nepexon. Bbo^htch KpHTepHH oueHKH CTeneHH Hanpa- 
aceHHOCTH b aMduBajieHTHbix cncTeMax, TaKne tea k ocTpoTa npoTHBO- 
peuna h CTeneHt rapMOHHH. ^aiOTca npHMepbi npaKTnuecKoro npn- 
MeHeHHa npe/uiaraeMon TeopHH b o6pa30BaHHH, xhmhh, h counajibHO- 
3KOHOMHHeCKHX CHCTCMaX. 

KjuoneBbie cjioea: aMdHBajieHTHaa CHCTeMa, Teopna, roMeocTa3, 
npOTHBonojioacHOCTH, ocTpoTa npOTHBOpeuna, CTeneHt rapMOHHH, 06 - 
pa30BaHHe, COUHaJIBHO-3KOHOMHHeCKHe CHCTeMBI. 

YnaCTHHK KOH(f)epeHUHH, 

HaunoHajibHoro nepBeHCTBa no HaynHon aHannTHKe 
OTKpbiToro EBponeiicKO-AsHaTCKoro nepBeHCTBa no HayHHoii aHannTHKe 


http://dx.doi.org/10.18007/gisap:tsca.v0i8.1422 


C OTJiaCHO EOJIBHIOH COBeTCKOH 3h- 
ifHKjione^HH [ 1 ]: «AM 6 nBaneHT- 
hoctb (ot naT. ambo-o6a, valentia- 

CHJia), /fBOHCTBCHHOCTB HyBCTBCHHOTO 

nepe)KHBaHHa, BBipa^aiomaaca b tom, 

HTO 0 £HH H TOT UK Q o 6 beKT BBI 3 BIBaeT 

k cede y uenoBeKa o^HOBpeMeHHO £Ba 
npOTHBonono}KHbix uyBCTBa, HanpH- 
Mep, ya,OBOJii>CTBHa h HeyzjOBOJiBCTBHa, 
JIK) 6 bH H HeHaBHCTH, CHMnaTHH H aHTH- 
naTHH. 06 bihho o^ho H3 aMdHBaneHT- 
hbix uyBCTB BBiTecHaeTca (ok npaBHjio, 
6ecco3Hareni>Ho) h MacKHpyeTcn #py- 
THM. AMdHBaJieHTHOCTB KOpCHHTCJI B 
HeoAH03HauHOM OTHOineHHH uenoBeica 
k OKpyiKaiomeMy, b npOTHBOpeuHBOCTH 
chctcmbi ifeHHOCTeii. 

TepMHH aMdHBaneHTHOCTB npefl- 
jio)KeH niBeiiifapCKHM ncuxonoroM 
3. BjieujiepOM. KaK bh^hm, 3 to onpe^e- 
neHHe OTpa)KaeT Bocnpmrrae hcjiobckom 
T aKHX CHCTCM, B KOTOpBIX O^HOBpe- 
MeHHO npHcyTCTByiOT ^Be npOTHBono- 
JI 05 KH 0 CTH, HaXO^amHeea BO B 3 aHMHOM 
npOTHBOpeHHH. 

Ero coBpeMeHHHK, 3nrMyH£ Open# 

BKJia^BIBaJI B 3 TOT TepMHH HHOH CMBICJI. 
Oh paccMaTpHBan aMdHBaneHTHOCTB 
Kax cocymecTBOBaHHe #Byx H 3 HauajiBHO 
npHcymnx uenoBeicy npOTHBonoji 05 K- 
HBIX TJiydHHHEIX no 6 y)K^eHHH, CaMBIMH 
^yHAaMeHTaJIBHBIMH H 3 KOTOpBIX aBJia- 
lOTca BjieueHHe k }kh 3 hh h BjieueHHe k 
CM epTH. Cne^yeT otmcthtb, hto aMdu- 
BaneHTHBie chctcmbi ABjunoTca octbio 
roMeocTaTHuecKHx chctcm, ochobhoh 
OCO deHHOCTBIO KOTOpBIX flBJHieTCfl 
ycTOHHHBoe paBHOBecne npn ^ocTaroH- 

12 


ho chjibhom BjinaHHH bhchihch cpe/fBi. 
TaKoe nocToaHCTBO BHyTpeHHeii cpe- 
#bi opraHH3Ma, no;mep}KHBaeMoe c no- 
mohjbio cneifHanBHBix perynaTOpHBix 
MexaHH3MOB, corjiacHO onpe^ejiCHHio, 
^aHHOMy A. BHHuecTepOM [2], Ha3BiBa- 
eTca roMeocTa30M. 

Cpe^H roMeocTaTHuecKHx chctcm 
Heodxo^HMO BBiAenaTB chctcmbi, b ko- 
TOpBix o^Ha npOTHBonono}KHOCTB nepe- 
xo^ht b Apyryio h odparao. HanpHMep, 
b CHCTeMe 5KepTBa - xhhjhhk Taxoro 
nepexo^a hct ( 3 a odo3pHMBiii npOMOKy- 
tok BpeMeHH KponHK He npeBpamaeTcn 
b BOJiKa, a bojik He npeBpamaeTca b Kpo- 
jiHKa). B npoifecce 5KH3HH 5 khboh opra- 
HH3M nepeXO^HT B MepTBBIH, a MepTBBIH 
opraHH3M He nepexo^HT odpaTHO b >kh- 
BOH, M05KH0 npHBCCTH H ^pyTHC npHMC- 
pBi roMeocTaTHuecKHx, ho He aMdHBa- 
JieHTHBIX CHCTeM. 

^pKHM npHMepOM aMdHBaJieHTHOH 
chctcmbi, Ha Ham B3rjHm, aBjiaeTcn CH- 
CTeMa «niodoBB - HeHaBHCTB», r^e Ta- 
KHe nepexo^Bi ecTB, ^pyrHM npHMepOM 
Cpe^H TeXHHHeCKHX CHCTeM aBJI5HOTCa 
odpaTHMBie xHMHuecKHe peaKifHH, b 
M e/jHifHHe - 3 to CHCTeMa BY-CE [3], 

HcnonB3yioma5i jieueHHa pa3HBix 

done3HeH H^en roMeocTaTHuecKHx h b 
H aCTHOCTH aMdHBaJieHTHBIX CHCTeM. 

B ^aHHOH CTaTBe pacmnpaeTca od- 
nacTB npHMeHeHHa aMdHBaneHTHBix ch- 
ctcm He tojibko Ha HenoBeuecKHe otho- 
meHHa, ho h Ha TexHHuecKHe, dHOJiorH- 
uecKHe, coifnajiBHBie h Apyrne chctcmbi. 

Tax KaK noBe^eHHe aMdHBaneHTHBix 

CHCTeM 3aBHCHT OT dOJIBHIOTO KOJIHHe- 


CTBa, KaK npaBHjio, cjiyuaHHBix (jtaKTO- 
pOB, TO AJHI H3yueHH5I TaKHX CHCTCM C 
n03HH,HH CTaTHKH H ^HHaMHKH npe^- 

naraeTca b KauecTBe MaTeMaTHuecKOH 
Mo^ejiH HcnonB 30 BaTB flH$({)epeHifHajiB- 
HBie ypaBHeHHn KonMoropOBa ^Jia Map- 
kobckhx CHCTeM b cjiyuae HenpepBiBHO- 
ro xapaKTepa npOTeKaHHn npoifeccoB. 
B cnyuae 5Ke ^HCKpeTHoro xapaKTepa 
npHMemieTCfl MaTeMaTHuecKHH annapaT 
TeopHH ijeneH MapKOBa. 

MeTOAonorHuecKHe ochobbi npHMe- 
HeHHfl ^H(j)(j)epeHifHajiBHBix ypaBHeHHH 
mnpOKO H3BCCTHBI B TeopHH MaCCOBOTO 
o d c nyncHB aHHa h b ^aHHOH padoTe hc- 
nonB3yiOTcn mcto^bi pemeHHa TaKHX 
ypaBHeHHH, 3aHMCTBOBaHHBie H3 3TOH 
TeopHH. Ha ocHOBe othx Mo^enen hc- 
cne^yiOTcn TpH BapnaHTa 3aBHCHMOCTeii 
HHTeHCHBHOCTeH nepexo^a ot KOHifeH- 
TpaifHH npOTHBOnOJIO}KHOCTeH B CHCTe- 
Me: OTCyTCTBHe 3aBHCHMOCTH, np^MO 
nponopifHOHanBHaa 3aBHCHMOCTB h 
odparao nponopifHOHanBHan 3aBHCH- 
MOCTB. 

OTJIHHHTeJIBHOH OCOdeHHOCTBIO 

nonyuaeMBix p e3ynBT btob nBnneTca hx 
co^epncaTenBHan HHTepnpeTaifHn KaK 
cne^CTBHe fleHCTBHA 3 aKOHa e^HHCTBa 
H dopbdBI npOTHBOnOJIO}KHOCTeH, 3aKO- 
Ha OTpHifaHHe OTpnifaHHa, Toneme CTBa 

npOTHBonono}KHOCTeH, 3aKOHa nepexo^a 

KOJIHHeCTBa b KauecTBO. 

PaccMaTpHBaeTcn dHHapHan aM- 
dHBaneHTHan CHCTeMa, b KOTOpon Aeii- 
CTByiOT ^Be npOTHBOnOJIOnCHO CTH A H A. 
BBe^eM KOJiHuecTBeHHBie oh,chkh othx 
npOTHBOnOJIO}KHOCTeH P(A) H P(A). 



Phc. 1. EHHapHbm ipa(|) aM6HBajieHTH0 H chctcmm 

3^eci> in//- HHTeHCHBHOCTH nepexo^a chctcmbi H 3 o/jhoto cocToaHHa b a pyroe. 


C TeneHHeM BpeMeHH b TaKOH CHCTe- Ha pnc. 2 noica3aHa 3aBHCHMOCTB 

Me npOHCxo^T npoijeecBi B3aHMHoro P (A) ot k , H3 kotopoh mo)kho e^ejiaTB 
npeBpameHHfl o^hoh npOTHBonoji05K- cjie^yiomHe bbibo^bi: 


P(A) 

0.5 


0 2 4 6 8 10 

K 

Phc. 2. 3aeHCHMOCTb noBe^eHHH AC ot napaMeTpa k 



HOCTH B ApyryiO H o6paTHO, HTO B HTOre 
npHBO^HT ee b cocToaHHe paBHOBeemi 
hjih roMeocTa3a. 

Ha pnc. 1 noKa3aH rpaij) nepexo^a H3 
o^hoh npOTHBonono}KHOCTH b ^pyryio. 

npeAnonaraa, hto npoijeee B3aHM- 
Horo npeo6pa30BaHH5i A <-> A b TaKOH 
CHCTeMe hocht cjiynaHHBiH xapaKTep, 
onnnieM ero AHtjKjiepeHijHajiBHBiMH 


1. npOTHBOnOJIO}KHOCTB A HCHC3aeT, 
Kor^a HeT o6paTHoro npeo6pa30BaHH5i 
(m = 0 hjih “ jik> 6 obb HC+e3aeT - ocTaeT- 
c a o^Ha HeHaBHCTB”). 

2. npH jho 6 om k>0 P (A) ^1, T.e., 
CTporo roBOpa, P (A) npH6jiH5KaeTca k 
e/pnome, ho HHKor^a ee He jjocTHraeT. 

Cjie^OBaTejiBHO, b CHCTeMe B03HHKa- 
eT CMeCB R ByX np0THB0n0JI05KH0CTeH 



Phc. 3. rpatj) AC, yHHTbieaiomHH CMecb npoTHBonojioacHOCTeii 


ypaBHeHHaMH KojiMoropOBa £jia Map- 

KOBCKHX CHCTeMI 

P'(A)=-1P (A) x ji P(A) t 
P'(A)= AP(A) t -juP(A) t 
P (A) t+ P(A)= 1 P (A) 0 = 1 

PaccMOTpHM pemeHHe 3 thx ypaBHe- 
hhh npH no ctouhhbix 3HaneHHax lnm, 
npH ^OCTaTOHHO 6 ojibhiom BpeMeHH 

$yHKi^HOHHpOBaHH5i, Kor^a P (A) t = 0. 

J\jik Taxoro ycTaHOBHBinerocn pe- 
}KHMa nojiynaeM, hto 

P(A)=A—, me k= — ■ 

k + 1 X 


{A v A), hto no^TBep^aeTca Rim ijejio- 
ro pa^a peajiBHBix chctcm; Me5K#y 3H- 
moh h jieTOM - BecHa, Me5K,ay jictom h 
3hmoh - oceHB, MQHKjiy JH 060 BBK) H He- 
HaBHCTBio - a py5K6a, MQHKjxy CHMnaTHeH 
h aHTHnaTHen - paBHO^ynine h t. a. 

TaKHM o6pa30M, B03HHKaeT npe#- 
jio)KeHHe b aM 6 nBajieHTHyio CHCTeMy 
BBeCTH TpeTBe COCTOaHHe, a HMeHHO, 
COCTOUHHe CMeCH. 

Ha pnc. 3 noKa3aH rpaij) nepexo^OB b 
T aKOH CHCTeMe. 

J\jlK TaKOH CHCTeMBI ypaBHeHHa 
KojiMoropOBa hmciot cjie^yiomHH bh#: 

P '( A) t = — IP (A) t ji P(A v A ) t 
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P'(AvA\= - (X+m) P (AvA) t + 

+ AP(A)+juP(A) t 

P'(A)=-ju P(A)+kP(Av A) t 
P(A) t +P (A vA ) + P(A) t = 1 
P(A)=\. 


JSfl a ycTaHOBHBHierocn pe)KHMa 
(roMeocTa3a) npn P (A) =P '(A v A) = 
= P '(A) =0 nojiynaeM CHCTeMy ajire6pa- 
HnecKHx ypaBHeHHH, pemeHHe kotopbix 
^ aeT cjie^yiomHe BBipa^ceHH^ £jia Bepo- 
aTHOCTen cymecTBOBaHHa AByx npOTH- 
BonojiomiocTeH A, A h hx CMecH A v A: 

r 2 

P(A) = - 


K 


1 + K + K 


P(AuA) = 
P(A) = 


l + K + K 2 
1 


l + K + K 


Ha pHC. 4 nOKa3aHBI 3aBHCHMOCTH 
BepoaTHOCTen P(A), P(A) h P (A vA) ot 
napaMeTpa k. 

06pamaeT Ha ee6n BHHMaHne tot 
(J jaKT, hto MaKCHMajiBHoe 3HaneHHe Bepo- 
othocth cymecTBOBaHH^ CMecn jj+yx npo- 
THBonojio}KHOCTeH, paBHoe 1/3, AOCTHra- 
eTca npn l=ju y hto BnojiHe o 6 b 5 ichhmo. 

AHajiH3 3 thx 3aBHCHMOCTeH no- 
Ka3BiBaeT, hto, H 3MeHim cooTHomeHne 
MOK^y HHTeHCHBHO CT^MH nepexo^a, T.e. 
ycHjiHBan hjih ocjia6jiaa o^Hy H3 npOTH- 
BOnOJIO}KHOCTeH, M05KH0 ynpaBJIOTB ro- 
Me0CTa30M 6HHapHOH CHCTeMBI. 

Ha pnc. 5 noKa3aHBi rpa^HKH 3 a- 

BHCHMOCTeH BepOOTHOCTeH P(A), 
P (Av A) h P(A ) ot BpeMeHH. 

OTJIHHHTeJIBHOH 0 C 06 eHH 0 CTBI 0 
npHBe^eHHBIX 3aBHCHMO CTeH HBJIHeTCH 
TO, HTO HMeeT MeCTO yCTaHOBHBHIHHCH 
pe^CHM, npH KOTOpOM HeT H3MeHeHHH 
BepoaTHOCTen coctohhhh chctcmbi, T.e. 
CHCTeMa C nOCTOUHHOH BepOOTHOCTBIO 
(3HaneHHe BeponraocTH 3aBHCHT ot na- 
paMeTpoB chctcmbi) nepexo+HT H3 o+ho- 
ro coctouhhh b ^pyroe. Ha pnc. 5 3Hane- 
HHe BepOOTHOCTH paBHO 1/3. 

C npaKTH+eCKOH TOHKH 3peHH^, KO- 
He+HO, npe^CTaBjiaeT HHTepee cocto^- 
Hne roMeocTa3a, npn kotopom CHCTeMa 
npouBjineT 5KHBynecTB h eoxpaHaeT 
pa6oToenoeo6HOCTB #a)Ke npn 3KCTpe- 
MajiBHBix yejiOBH^x BHeniHeii epe^Bi. 

H 3 rpa({)HKa pnc. 4 bh^ho, hto npn 
He6ojiBmnx 3HaneHmix KOHCTaHTBi paBHO- 
Becna hi=/i cocTonroie roMeocTa3a He 
HMeeT ^ocTaTOHHoro 3anaea no ycTOH+H- 
BOCTH H npH He6oJIBmHX H3MeHeHHaX 2 H 
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m BepOflTHOCTH COCTOflHHH cymecTBeHHO 
MeiraiOTCJL Ilpn 6ojn>niHx 3HaHeHHnx k 
3TH UK e BepOOTHOCTH npaXTHHCCXH He Me- 
H^ioTca, T.e. cocTO^HHe roMeocTa3a hbjih- 
eTca 6ojiee yctohhhbbim. 6ojiee Tma- 
TejiBHoro H3yneHHH 3 toh npo6jieMBi 6 bijih 
nojiyHeHBi ypaBHeHira jjjm 3aBHCHMOCTH 
H3MCHCHH5I BepOOTHOCTeH COCTOHHHH 
aM6HBaJieHTHOH CHCTeMBI OT KOHCTaHTBI 
paBHOBecH^ k h Ha pncyHKe 6 nocipoeHBi 
rpa^HKH 3TOH 3aBHCHMOCTH. 

^encTBHTejiBHO, KaK noKa3Bi- 
BaeT pHC. 6, npH ManBix 3HaHeHHnx 

k (0 < k < 4) HMeeT MecTO 3HaHHTejn>Hoe 
H3MeHeHHe BeponTHOCTeii cocto^hhh, a 
npH 6 ojibhihx 3HaneHHHx k(k> 6) H3Me- 
HeHne BepoaTHOCTeii coctouhhh npax- 
THHeCKH paBHO HyjHO. 

TaKHM o6pa30M, HarcoiAHO AOxa3Bi- 
BaeTca HajiHHHe AByx pa3HBix roMeocTa- 
30B B aM6HBaJieHTHBIX CHCTeMaX. Ecjih 
BB eCTH HeKOTOpBIH HHTepBaJI H3MeHeHHH 
BepOOTHOCTen COCTOUHHH, BHyTpH KO- 
Toporo coxpaHneTCn roMeocTa3, to, xax 
BH^HO H3 pHC. 6, npH MaJIBIX 3HaHCHHHX 
k HHTepBaJI H3MeHeHH5I BepOOTHOCTeil, 
npH KOTOpOM COXpaHUCTCH 3TOT TOMQ- 
ocTa3, He3HaHHTejieH, a npH 6 ojibhihx 
3HaneHHax k Taxon HHTepBaJI moukqt 
6bitb oneHB 6 ojibhihm. 

HajiHHHe b CHCTeMe npOTHBono- 
JI05XH0CTCH npHBO^HT K nOUBJICHHIO B 

Hen npOTHBOpenHfl h, xax cjicactbhc, k 
H eKOTOpOH Hanp5DKeHHOCTH. XOJIH- 

HeCTBeHHOH OH,eHKH OCTpOTBI npOTHBO- 
penHn b pa6oTe [4], 6 bijio npeAJi05xeHO 
ABa BapnaHTa ee oachxh: xycoHHO-jiH- 
HCHHBIH H HeJIHHeHHBIH. 

riepBBIH BapHaHT CB5I3aH C JIHHeHHOH 
3aBHCHMO ctbk) ot napaMeTpa k Ha pa3- 
hbix HHTepBajiax ero h3mchchibi ot Hyjin 
AO eAHHHIJBI H OT CAHHHIJBI AO HCXOTOpOH 
60JIBHI0H BeJIHHHHBI, HanpHMep, AO 10. 

BTOpOH BapHaHT KOJIHHeCTBeHHOH 
OH,eHKH OCTpOTBI npOTHBOpCHHH CBH3aH 
C TeM oGCTOUTCJIBCTBOM, HTO B aM6H- 
BaneHTHBix CHCTeMax, b npoiiecce hx 
(J iyHKAHOHHpOBaHHH, B03HHKaeT TpeTBe 
COCTOUHHe, KOTOpOe aBTOp Ha3BIBaeT 
CMecBio AByx npoTHBonojiOMOCTen. 
3accb, c yBejiHneHHeM napaMeTpa k b 
OTjiHHHe ot nepBoro BapnaHTa HeT pe3- 
KOTO B03paCTaHH5I OCTpOTBI npOTHBOpe- 
HHH AO 100 npOH,eHTOB. 3 t0 oObUCHACT- 
c a TeM, hto npH 6 ojibhihx 3HaneHHax k , 

XaXOH - TO OTJIHHHBIH OT HyjIH ypOBCHB 
CMecn ocTaeTcn h, cjieAOBaTejiBHO, Ha- 
npIDXCHHOCTB MQHKJXy npOTHBOnOJIO}K- 
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Phc. 4. 3aBHCHMOCTb noeeAeHHH AC ot napaMeTpa k 


HOCTHMH OCJiaGjiaeTCa. npH BTOpOM 
BapHanre mo)xho HenoepeACTBeHHO H3- 
MepOTB OCTpOTy npOTHBOpeHHH Hepe3 
BepOOTHOCTB HaJIHHHH CMCCH. 

fl,jia ou,eHKH CTeneHH rapMOHHH b 
aMOnBajieHTHBix CHCTeMax npeAJiara- 
eTCn HcnojiB30BaTB npHHAHn 30 jioto- 


MOKAy a h a - x. OiieHxa CTeneHH rap- 
mohhh Hanuia HHTepecHoe npHMeHeHHe 
AJia pa3H0B03paCTHBIX CCMCH. 

O npHMeHeHHH TeopHH aM6nBa- 
JieHTHBIX CHCTeM B 06pa30BaHHH. 

B pa6oTe [5] TeopHH aMOHBajienr- 
hbix CHCTeM HcnojiB3yeTCn npH oOyneHHH 



Pnc.5. flHHaMHKa noBeAeHnn AC 


TO CeHeHHH, COTJiaCHO KOTOpOMy AJI« 
KOJIHHeCTBeHHOH OH,CHKH rapMOHHH 
MOKAy np0THB0n0JI05KH0CT^MH HC- 
nojiB3yeTca pa3AejieHHe hx cyMMBi a 
Ha ABe TaxHe nacra x h a - x , hto- 
6bi x 6Buia cpeAHHM reoMeTpHHecxHM 

2 - k + k 2 

(1 + fc + / c 2 ) 2 

1 — k 2 

(1 + /C + /C 2 ) 2 


0,5 

n (k) 0 

-0,5 

-1 

0 2 4 6 8 10 

k 

Phc. 6. 3aBncnMOCTb ^HHaMHKH AC ot napaMeTpa k 



fl(k ) := 

/2(fc) := 


HepOAHOMy 5I3BIKy B HeAeTCKOM B03pac- 
Te, KorAa paccMaTpHBaiOTca abc jikht- 
BHCTHHeCKHe CHCTCMBII pOAHOH 5I3BIK H 
HepOAHOH 5I3 bik. IIpeAA05KeHHaH Teopra 
xoporno MOAejiHpyeT ochobhbic oco6eH- 
hocth Taxoro nponecca: bo3hhxhobchhc 


/3(fc) = 


(2 • k + 1) 


(1 + k + k 2 )- (-1) 
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TpeTbeH JIHHTBHCTHHeCKOH CHCTeMBi - HH- 
Tepa3BiKa, no^BjieHHe «OTK3Ta» - 3a6BiBa- 
hh a h, HaKOHeu,, flBjiemra «0K0CTeHeHHa». 
npoi^ecc odyneHira b TaKOH cucTeMe mo>k- 
ho paccMaTpHBaTB KaK npoijecc B3aHMO- 
fleHCTBHH ^Byx npOTHBOIIOJIO)KHOCTeH, 
B KOTOpOM O^Ha npOTHBOnOJIO)KHOCTB 
nepexo^HT b ^pyryio h o6paTHO, Taicne 
CHCTeMBI Ha3BIBaiOTCa aM6HBaJieHTHBIMH 
CHCTeMaMH, noBe^eHHe KOTOpBix mo)kho 
aHajiH3HpoBaTB Ha ochobc npe^no^eHHBix 
BBirne MareMaTHHecKHx MoaejieH. 

PaccMaTpHBaeTca npHMeHeHHe 

TeOpHH aM6HBaJieHTHBIX CHCTeM B XH- 
MHH [6]. npHBOA^TC5I MO^eJIH XHMHKO-TCX- 
HOJIOTHHe CKHX npoueccoB C npOTHBOnO- 
JI05KH0CT5IMH, KOHKpeTHBIMH npHMepaMH 

KOTOpBix ABjunoTCfl nojiyHemie aijeraneHa, 
nojiHMepH3ai^Ha BHHHjixnopH^a, npouecc 
nOJiyHeHHa XJIOpHOBaTHCTOH KHCJIOTBI. 

PaccMaTpHBaeTca npHMeHeHHe 

TeOpHH aM6HBaJieHTHBIX CHCTeM £JHI 
H3yneHHa coipiajiBHO-3KOHOMHHecKHx 
CHCTeM [4]. B HacraocTH aHajiH3Hpy- 
IOTC5I CTpyKTypBI pa3JIHHHBIX COHH- 
ajiBHBix CHCTeM, TaKHx Kax, CTpyKTypa 
pOCCHHCKOTO, aHEJIHHCKOrO, KHTaHCKOTO 
o6meCTB. fl,aiOTCa KOHKpeTHBie COOTHO- 
memra £jhi TaKHx o6mecTB MOK^y 6ora- 

TBIMH, 6eflHBIMH, H Cpe^HHM KJiaCCaMH. 
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SYNTHESIS OF REGULATORS OF PULSE 
SYSTEMS OF AUTOMATIC CONTROL 
USING THE NUMERICAL METHOD 

V. Goncharov 1 , Doctor of Technical sciences, Full Professor 
V. Onufriev 2 , Student 

Tomsk State University of Control Systems and 
Radioelectronics, Russia 1 

National Research Tomsk Polytechnic University, Russia 2 

In this paper a way to reach the robustness of pulse systems of 
automatic control is shown. The real interpolation method of calculation 
of dynamic systems, which is focused on the numerical methods and 
digital computing resources, is taken as the basis. The authors have 
also determined the instrumental variables, ensuring the correction 
of robustness of the synthesized system. The authors offer brief data 
about the method, the algorithm of correction of the solution in relation 
to overcorrection and robustness of the system, and the calculation 
example. 

Keywords: real interpolation method, synthesis of pulse regulators 
of automatic control systems, robustness. 
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CHHTE3 PEryJIRTOPOB HMnyJIBCHBIX 
CHCTEM ABTOMATHHECKOTO 
ynPABJIEHHil HHCJIEHHBIM METO^OM 

ToHuapOB B.H. 1 , #-p TexH. HayK, npotj). 

OHy^pneB B.A. 2 , CTyneHT 
Tomckhh TocynapCTBeHHbiH YmiBepCHTeT Chctcm 
Y npaBJieHHa H Pa£H03JieKTp0HHKH, Pocchji 1 
HaitHOHajitHbiii HcejieAOBaTejibCKHH Tomckhh 
I lOJIHTeXHHHe CKHH YHHBepCHTCT, PoCCHfl 2 

B CTaTte npea,Jio^ceH cnocod /jocTH^emw po6acTHOCTH hm- 
nyjibCHbix cncTeM aBTOMaTunecKoro ynpaBjieHHH. 3a ocHOBy npnHHT 
BentecTBeHHbiH HHTepnojuniHOHHBm MeToa, pacneTa ^HHaMHnecKHx 
CHCTeM, OpneHTHpOBaHHblH Ha HHCJieHHBie MeTO/JBI H UH^pOBbie BBI- 
HHCJiHTejiBHBie epe/iCTBa. YcTaHOBjieHti HHCTpyMeHTajibHbie nepeMeH- 
Htie, odecneuHBaiontHe KOppeKitmo CBOHCTBa po6acTHOCTH chhtc3h- 
pyeMOH CHCTeMBI. npHBea,eHBI KpaTKHe CBe^eHHH O MeTOZte, MexaHH3M 
KOppeKitHH pemeHHB no nepeperyjinpOBaHHK) n po6acTHOCTH chctcmbi 
h pacneTHbiH npHMep. 

KjuoneBbie cjioea: BeinecTBeHHbin HHTepnojnmHOHHbra mcto^, 
CHHTe3 HMnyjibCHbix peryjiHTopoB chctcm aBTOMaTHne ckoto ynpaBjie- 
HHB, po6aCTHOCTb. 

YnacTHHEH KomJiepeHUHH 


http://dx.doi.Org/10.18007/gisap:tsea.v0i8.1423 


BeeaeHHe 

CoBpeMeHHbie chctcmbi aBTOMa- 
THuecKoro ynpaBjieHHn (CAY) hmciot, 
Kax npaBHno, ijmjipoBBie perymiTOpBi. 
IIpH hx CHHTe3e HcnojiB3yiOT ^Ba nyTH 
[1-3]. IlepBBIH OCHOBaH Ha KOCBeH- 
hom enocode pememra 3a^auH, Kor^a 
CHauana CHHTe3HpyioT HenpepBiBHBiH 
peryn^TOp, 3aTeM npeo6pa3yiOT ero 
B ^HCKpeTHBIH. Oh CHH5KaeT Tpy#- 
hocth 3a^auH h noTOMy nonB3yeTCn 
BHHMaHHeM B HH5KeHepHOH npaKTHKe. 
BTOpOH nyTB, Ha3BIBaeMBIH npUMBIM, 
no3BOJiaeT nonyuaTB ^HCKpeTHBie pe- 
ryn^TOpBi Henoepe^CTBeHHO no hc- 

XO^HBIM AaHHBIM. Oh HeCKOJIBKO CJI05K- 

Hee, ho ero mo)kho paecMaTpHBaTB Kax 
nepeneKTHBHBIH C n03HII,HH pa3BHTH^. 
J\jik Taxoro cyyKRemin hmciotcji ({)op- 
ManBHBie ocHOBaHHa. Bo-nepBBix, 
0£H03TanHBie npoife^ypti CHHTe3a 
npn npOHHX paBHBIX yCJIOBHUX MO- 
ryT npHBOAHTB k mchbohm norpern- 
HOCTHM, BKJHOHaH BBIHHCJIHTeJIBHBie. 

Bo-btopbix, MaTeMaTHuecKne Mo^enH 
AHCKpeTHBix peryjiHTOpOB, hx peann- 
3aifHH Ha MHKponpoifeeeopHBix epe#- 
CTBax, a TaK5Ke HHCJieHHBie mctoabi 

CHHTe3a eocTaBnaioT ejfHHyio epe^y, 

eo#ep5Kamyio noTemfHajiBHyio B03- 
M05KHOCTB KaK RJlft COKpaHteHH^ o6b- 
eMOB BBIHHCJieHHH, TaK H RJ1SL nOBBI- 
memra tohhocth paeneTOB. B padoTe 
paccMaTpHBaeTca npuMoii chhtc3 #hc- 
KpeTHBix peryjMTOpOB, nacTHHHO pea- 
JIH3yiOHtHH 3TH B03M05KH0CTH. 
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3a#ana CHHTe3a perynuTopa jihhc- 

apH30BaHHOH HMnyjIBCHOH CHCTeMBI 
MO)KeT 6 bitb CBe^eHa k eocTaBjieHHio h 
pemeHHio ypaBHeHHH BH^a 


CU) = 


1 + W P (z)W m (z)k 0 


( 1 ) 


b KOTOpoe bxoaht nepeAaTOHHBie 
^yHKifHH dO) ^cenaeMOH chctcmbi, 
ee npHBeAeHHOH HenpepBiBHOH na- 
cth W nHn {z ), perynaTOpa W p (z), a Tax- 
5Ke K03({)(J)HIfHeHT odpaTHOH CB5I3H 
k oc . B ypaBHeHHH H3BCCTHBI (JtyHKIfHH 
W£( z ), K03({)(])HIfHeHT k oc TdLK- 

5Ke M05KCT 6BITB OTHeeeH K H3BeCTHBIM 

hcxo^hbim ^aHHBiM, Tax KaK ero Bcer^a 

M05KHO HaHTH H3 yCJIOBHH KOHKpeTHOH 
3a^auH [1-3]. B OTHomeHHH nepe^aroH- 
hoh (JiyHKifHH peryjiaTOpa W p (z) nono- 
)khm, hto H3BecTHa ero CTpyKTypa: 


W p {z) 


b„z m + b m _ 1 z m -'+... + b i z + b 0 
a n z n + a n _ x z n ~ x + . . . + a x z + 1 

m<n, (2) 


B 3thx yenoBH^x 3a^aua cbo^ht- 

CH K Onpe^eJICHHIO K03({)(J)HIfHeHTOB 

K , b m _ x ,..\, a n , a n _ , , . . a, ^hkuhh 
(2). YpaBHeHHe CHHTe3a (1) b ifenax eo- 
KpameHHJi HHCJia onepaifHH nepeBO^T b 
(JiopMy 


Wfc) = W P (z)W nm (z), (3) 

KOTOpa^i onncBmaeT noBe,aeHHe ch- 
CTeMBI B pa30MKHyTOM COCTOUHHH. 110^" 


HepKHeM, HTO (j)OpMa (3) nOJIHOCTBIO 
eorjiaeyeTca e mcto^om odparaBix 3a^an 
^HHaMHKH [5]. 

MeTO^Bi cocTaBjieHHn h noncKa npn- 
6jiH5KeHHBix pemeHHH ypaBHeHHH CHHTe3a 
(1), (3) H3BeCTHBI [1]— [3]. TpyaHOCTH no- 
HCKa CBirsaHBi e TeM, hto aHanHTHHe ckhh 
nyTB pemeHHa 3aTpyaHHTejieH, a b odmeM 
ejiynae, Kor^a CTpyKTypHBie napaMeTpBi 
m, n orpaHHHeHBi, HeB03M0>KeH [4]. IIo- 
3TOMy b padoTe pa3BHBaeTca HHCJieHHBiH 
no^xo^ k pemeHHio no^odHBix 3a^an, 
odo3HaHeHHBiH b [6]. Oh da3HpyeTca Ha 
BemecTBeHHOM HHTepnojiaunoHHOM Me- 
TO^e (BHM), KOTOpBiii HcnojiB3yeTca KaK 
HHCTpyMeHT b HHCJieHHBix npoife^ypax 
CHHTe3a peryjMTOpOB. B npe^JiaraeMOH 
padoTe pa3BHTne no^xo^a ododmaeTca 
Ha BonpocBi podacTHOCTH peryjuiTOpOB, 
CHHTe3HpyeMBIX HHCJieHHBIM MCTO^OM. 
fljia noacHeHHa oeodeHHOCTen HcnojiB- 
30BaHHoro b [6] MeTo^a HH5Ke npnBe/feHBi 
KpaTKHe CBe^eHmi o HeM. 

Ochobw eemecTBeHHoro MeTo^a 

BemecTBeHHBiH HHTepnojiaunoH- 
hbih mqtoji (BHM) no3BOJMeT nojiynaTB 
Mo^enH ^HHaMHHecKHx CHCTeM h onepH- 
pOBaTB hmh b odjiacTH H30dpa5KeHHH. B 
3TOM CMBICJie OH COOTBCTCTByeT MCTO^y 
AHCKpeTHoro npeodpa30BaHHa JIanjiaca 
h z-npeodpa30BaHHio, nacTHBiM ejiyna- 
eM KOTOpBix ero mo)kho paecMaTpHBaTB. 
npHHUHnHaJIBHOe OTJIHHHe CB5I3aHO C TeM, 
hto BHM npHBOAHT k MareMaTHHe CKHM 
MO^eJMM B BH^e (JiyHKUHH Belize CTBeHHOH 
nepeMeHHOH. noejie^Hee odcToaTejiBCTBO 
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PHC. 1. Tpa^HK 3aBHCHMOCTH 


Ba5KHO nOTOMy, HTO 3TO #aeT B03M05XH0CTB 
npHBJieHB K OnHCaHHHM ^HHaMHHeCKHX 
CHCTeM h aencTBHaM Ha^ hhmh xoporno 
pa3pa6oTaHHBie mcto^bi (jiyHxijHH Benje- 
CTBeHHOH nepeMeHHOH. 

TexHHKa nojiyneHHn BenjecTBeHHBix 
H3o6pa)KeHHH b CBoeft ocHOBe onpe^e- 
neHa annapaTOM z-npeo6pa30BaHHn, H3 
KOTOporo cneayeT (j)opMyjia nojiyneHHa 
H3o6pa)KeHHH, a Taiojce fleHCTBHn Ha# 
TaKHMH (j)ymcipiflMH. BemecTBeHHBie 
(J)yHKIIHH-H306pa5KeHH^ HaXO^T no 
npaBHjiy 

F(v) = f j f(kT 0 )v~ k , ve[c v ,oo), 

k=0 

c v > 1, (4) 

b kotopom napaMeTp c BBi6npaeT- 
C H H3 yCJIOBHfl cxo^hmocth pima. Bbi- 
^ejiHM rbg rjiaBHBie oco6eHHOCTH (jiop- 
MyjiBi (4). IlepBaa, o xoTOpon y>xe 6 bijio 
CK a3aHO, - (JjyHKi^Ha F(v), y e [c , oo] 
HMeeT Ben^ecTBeHHyio nepeMeHHyio. 
BTOpan oco6eHHOCTB BBrrexaeT H3 hc- 
xo^Horo nojioixeHH^, npn kotopom 
( jiopMyjia (4) nBjineTCn nacTHBiM cjiy- 
naeM z-npeo6pa30BaHHn. 3Ta oco6eH- 
HOCTB Ba)KHa B npaXTHHCCXOM OTHO- 
nieHnn: npHHUTan (jiopMa (4) no3BO- 
naeT nojiynaTB H3o6pa5xeHHn F(v) no 
z-H3o6pa}KeHHK) nyTeM (J)opMajiBHon 3a- 
MeHBi nepeMeHHOH z Hav, 3 to b cboio 
onepe^fc no3BOjnieT npn pemeHnn npax- 
THnecKHx 3a^an ncnojiB30BaTB xopomo 
pa3pa6oTaHHBie Ta6jimjBi cootbctctehu 
opnrnHajiOB n z-H3o6pa)xeHHH. 

J\im npHBjieneHna HncjieHHBix 
MeTO^OB AencTBHH Ha a BemecTBeH- 
HBIMH (jtyHKIJHflMH F(v) npe£yCMO- 
TpeH nepexo# k micxpeTHOH (j)opMe 
{F(y^ ri ^{F{y^F{y 2 )-...F{y^, na3Bi- 
BaeMOH HHCJieHHOH XapaKTepHCTHKOH 
(^yHKH,HH F(v) . 3 jieMeHTBi F(y.), i = l,rj 

onpe^ejieHBi xax 3HaneHH5i (JiyHxijHH 
F(v) b y3Jiax 


c v < v 1 < v 2 <...< v n , (5) 

PexoMeH^aijHH no BBi6opy y3JiOB 
HMdOTCH [4]. 

B npHjio)iceHHH k 3a^anaM CHHTe3a 
peryjiaTOpOB c noMOiHBto BHM o6maa 
cxeMa aeHCTBHH BKjnonaeT b ce6a He- 
ckojibko 3TanoB. Ha nepBOM H3 hhx Ha- 
xomrr 3JieMeHTBi hhcjichhoh xapaxrepn- 
CTHKH {F(v.)} no (jtyHXIJHH BpeMeHH 
f ( kT Q ) HJIH H3BeCTHOMy Z-H306pa)KeHHK) 
F(z) . B nepBOM BapHanre, xor^a H3BecT- 
Ha (JjyHKHna f(kT 0 ) , 3to Morao c^ejiaTB 
no cooTHomeHHio 

F(v , ) = £ f(kT 0 )v ~ k , v, e [c v , 00 ), 

k= 0 

c v >1, (6) 


cne^yiomeMy H3 (4). Bo btopom Ba- 
pnaHTe 3 a^aHa He (jiyHximn-opHTHHaji 
f[kT 0 ), a ee z-H 3 o 6 pa 5 xeHHe F( z ) . 
Tor^a mo 5 kho Hairra BemecTBeHHoe H 30 - 
6 pa 5 KeHne F(v) (JiopMajiBHBiM o 6 pa 30 M, 
BBinojiHaa noACTaHOBKy z — » v [4] c 
nocjie^yiomHM nepexo- #om k 
/ picKpeTHon (J)opMe {F(v.)} , 3 a^aBa 5 i 
y 3 JiBi (5). 

Ha BTopoM 3Tane bbihhcjhhotch ko- 
3(|)(J)Hn^HeHTBI pai^HOHaJIBHOH ^po6n 


F(y) 


K vm+ K- l v""'+... + b l v + b 0 
& n v n + + ••• + ci^v + 1 

m<n,(l) 


3Toro Ha ocHOBe BBipa^eHH^ 
(7) cocTaBjiaeTca ^HCKpeTHoe cootho- 
rneHHe 


F(v f ) = 


b m vT + b ^ tf - 1 + ... + b l v l +b Sl > 

& n V^ + 1 + ... + C/|V- + 1 


i = (8) 


KOTOpOe HMeeT CMBICJI CHCTeMBI 7/ JIH- 
HenHBix ajire6paHnecKHx ypaBHeHHH 
(CJIAY). B jieBOH nacTH CJIAY (8) Haxo- 
3HaneHH^ F( v.), i = \,rj , KOTOpBie 
Han^eHBi no (j)opMyjie (6) jih 6 o no H30- 
6pa5KeHHio F(z) | =F(v )—> F(v i ) . 

B npaBon nacra paBeHCTBa co^epixaTca 
K034)$Hi^neHTBi ^po6n F(v) , KOTOpBie 
cneayeT bbihhcjihtb. Ohh HanayTC5i xax 
pemeHne CJIAY (8). 

Chhtc 3 peryjiHTopoe h o6ecnene- 
HHe poSaCTHOCTH 

AnnapaT BHM no3BOJiaeT ocynje- 
CTBHTB CHHTe3 peryjIHTOpOB Ha OCHOBe 
ypaBHeHHH [1], [3], HncjieHHBix npo- 
i^e^yp hx pemeHHa h HTepaipiOHHoro 


npH6jiH5KeHH5i k HCKOMOMy peuieHHio 
B COOTBeTCTBHH C npHHOTBIM KpHTepH- 
eM 6 jih30cth. 3a^aHH b onpe^ejiCHHOH 
CTeneHH 6 bijih paccMOTpeHbi b pa6oTe 
[6]. HH5Ke o6ey5K^aiOTC5I B03M05KH0CTH 
pa3BHTHH 3T0T0 HanpaBJieHH5I C I^eJIBK) 
ya,OBjieTBopeHH^ eme oahoto Tpe6oBa- 
HH3 - npH/jaHHJI po6aCTHBIX CBOHCTB 

CAY 

B BHM y3Jibi HHTepnojiHpOBaHHa 
V P V 2 -.. V t 7 M0}KH0 HCn 0 JIB 30 BaTb KaK HH- 
CTpyMeHT b npooe^ype npH6jiH5xeHHa x 
npneMjieMOMy peuieHHio. B ycjiOBH^x 
paBHOMepHOH ceTXH xoppexrapyiomHM 
napaMeTpOM BBiCTynaeT nocjie^HHH 
y3ejl V n . BTOpBIM HHCTpyMeHTOM, XOTO- 
pBIH CymeCTBeHHO BJIH^eT Ha CBOHCTBa 
CHHTe3HpyeM0H CAY, aBjiaeTC^ BpeMa 
ycTaHOBjieHH^ t y . TaxHM o6pa30M, Be- 
jiHHHHa nepeperyjiHpOBaHH^ cr c chh- 
Te3Hp0BaHH0H CHCTeMBi onpe^ejmeTca 
napaMeTpaMH y h t . Bh^ rpa^nxa, xa- 

n l y 

paxTepH3yiomero 3 to H3MeHeHHe, npn- 
Be^eH Ha PHcyHxe 1 . 

nojiyneHHBie rpa(J)HXH co^ep5xaT 
ynacTOx c othochtcjibho Majion npo- 
H3B0^H0H, T.e. TaXOH, T^e H3MeHeHH« 
(|)yHXH,HH <J C = f (y ) CpaBHHTeJIBHO He- 
3HanHTejiBHBi. HanpHMep, Rim BepxHero 
rpa^nxa, nojiyneHHoro fljia 3HaneHH5i 
/ , TaxHM ynaCTXOM MO}XHO CHHTaTB 

[v„;v, 2 ], Cmbicji 3toto ynacTxa c no- 
3 hh,hh npoexTHpOBamra CAY coctoht 
b Majion ny BCTBHTejiBHO cth nepepery- 
jinpoBaHHn CHCTeMBi x H3MeHeHH^M na- 
paMeTpa v ^ . 3to ohcbhaho, ho raaBHoe, 
xax noxa3aHO b [6], Bapnai^HH y3Jia v 
npn onpe^ejieHHBix ycnoBHux mojxho 
paecMaTpHBaTB xax Bapnai^HH napaMe- 
TpOB 3JieMeHT0B CAY (x03(J)(|)HII,HeHT0B 
nepe^ann, hocto^hhbix BpeMeHH,...). 
Taxaa B3aHMOCB^3B 03HanaeT, hto ot- 
pe30x [v^jv^] b onpeAejieHHoii Mepe 
^BjiaeTcn xapaxTepHCTHxoii po6acTHO- 
cth CAY no3TOMy Tpe6yeMBiH ypoBeHB 
po6acTHOCTH mo5xho 3a^aTB Ha 3Tane 
paeneTa CAY, o6ecnenHB ^ocTaTonHyio 
BejiHHHHy 0Tpe3xa \y ; v ??2 ] . 

H 3 paecMOTpeHHn rpa(J)HX0B Ha Ph- 
eyHxe 1 mo)xho e^ejiaTB eme o^hh bbi- 
bo^: H3MeHeHHe BTOpon ynpaBjimomen 
nepeMeHHOH - BpeMeHH ycTaHOBnemra 
nepexo^Horo npoi^ecca >xejiaeMOH ch- 
CTeMBI t - npHBOAHT X H3MeHCHHK> nO- 
JI05XeHH^ XpHBOH <J = /(v^) . HpH 3T0M 

npoHcxo^HT cymecTBeHHoe nepeMeme- 
Hne no och a6cipicc, a Tax>xe hcxoto- 
pan fle(J)opMai^HH ee BH^a. Otmcthm, 
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HTO H3MeHeHHe BH^a KpHBOH BKJIIOHaeT 
b ce6n H3MeHeHHe HHTepecyiomero Hac 
ynacTKa [v^ 1 ;v ??2 ]. 3Ta 3aBHCHMOCTB 
AaeT B03M05KH0CTB ynpaBJIUTB BeJIHHH- 
hoh ynacTKa nyTeM H3MeHeHHn napa- 
MeTpa t y . Ha ocHOBamni OTMeneHHBix 
B3aHMOCBa3eH M05KH0 COCTaBHTB CJieAy- 
ioiahh anropHTM CHHTe3a peryjiaTOpOB 
CHCTeM ynpaBjieHHa c KOHTpojieM po- 
6aCTHOCTH. 

lllar 1. Chhtc 3 peryjinTOpa c Ha- 
3HaneHHeM AByx y3jioB - VpV - no 
pexoMeimaijHiiM [6] c ncnojiB30BaHneM 

paBHOMepHOH CeTKH AM OCTaJIBHBIX. 

lllar 2. CpaBHeHHe 3HaneHHa nepe- 
peryjiHpoBaHH^ o c Ha OTpe3Ke CTadnjiB- 
hocth rpa(j)HKa c Tpe6yeMBiM 3HaneHH- 
eM ct 3 ■ 

lllar 3. Ecjih Tpe6yeMoe 3HaneHHe 
nepeperyjiHpOBaHH^ <J 3 6ojiBme (mchb- 
rne) nojiyHHBHieroc^ g c Ha mare 1, 
to noBTOpaeM mar 1 c yMeHBineHHBiM 
(yBejiHneHHBiM) 3HaneHHeM BpeMeHH 
t ycTaHOBjieHH^ 5KejiaeMOH chctcmbi . 
Ecjih nojiyneHHoe 3HaneHHe coBna^aeT 

C 3 a#aHHBIM c AOCTaTOHHOH TOHHOCTBK), 
to o6cy5K£aeMaa nacTB 3aAann CHHTaeT- 
c a pemeHHOH. Otmcthm, hto 3^ecB He 
paccMaTpHBaiOTca KOJiHHecTBeHHBie no- 
Ka3aTejiH podacTHOCTH. 3 to OT^ejiBHaa 
TeMa, Tpedyiomaa eaMOCTOirrejiBHoro 
o6cy)K^eHHa. 

4. PacneTHbiii npHMep 

fl,jHi noncHeHH^ CKa3aHHoro o6pa- 

THMCa K KOHKpeTHOH 3a^aHe CHHTe3a 
peryjiOTOpa c odecneHemieM 3a^aHHoro 
nepeperyjiHpOBaHHa CAY 3a^aHa nepe- 
AaTOHHaa (jjyHKAHa o6BeKTa ynpaBjieHHn 


2.718z 2 + 0.646z -0.581 
2.718 z 2 -0.935z + 1 


. Tpedy- 


eTca nojiyHHTB peryjwTOp BH^a (2) npn 
m = 1, n — 2 , o6ecneHHBaiomHH nepe- 
peryjiHpOBaHHe cr = 25% c AonycTHMBiM 
OTKjiOHeHHeM Act 3 = 5% . Hcxo^Hoe 5Ke- 
jiaeMoe BpeMa ycTaHOBjieHHa ^onpe- 
AejieHO no napaMeTpaM o6BeKTa ynpaB- 
jieHHa h paBHo 4,49 c. B KanecTBe ao- 
nOJIHHTeJIBHBIX yCJIOBHH npHMeM: 3aKOH 
pacnpe^ejieHH^ y3JiOB paBHOMepHBin 
3aKOH, nepBBiH y3eji HMeeT e^HHHHHoe 
3HaneHHe, HanajiBHOH HHCTpyMeHTajiBHOH 
nepeMeHHOH BBiciynaeT nocjieAHHH y3eji 
V ri . noncK npneMjieMoro pemeHHa dyzjeM 
ocymecTBjiaTB Ha ochobc nojiyneHmi h 
aHajiH3a 3aBHCHMOCTH a - f (v ;/ ) am 
pa3JiHHHBix 3HaneHHH }KejiaeMoro BpeMe- 
HH ycTaHOBjieHna t . napaMeTp t HMeeT 
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CMBICJI pOJIB BTOpOH HHCTpyMeHTajiBHOH 
nepeMeHHOH. 

no hcxoahbim AaHHBiM (cr = 25%, 
2 <t < 3 ) HaHAeHa JKejiaeMaa nepeAa- 

urt \ 16.5z + 2 

TOHHaa cpvHKUii;i W (z ) = , 

w 15. 5z 2 + 2z + l 


JSjw y3JiOB nepBOH HTepau,HH 

Vj = 1, v 2 = 1.01, v 3 = 1.02, v 4 =1.03 

nojiyneHBi HHCJieHHBie xa- 

paKTepHCTHKH 5KejiaeMoii chc- 
TeMBi {W x (y t )} A = {1,0.987,0.974,0.962}, 
oObeKTa ynpaBjieHHa {^, v (y)} 4 = 
= {1,1.006,1.011,1.016}. Ohh no3BOJiaiOT 
Haifm MOAejiB peryjMTOpa: 


Nrri + 4 


1.016,+ b n 


Clj + + 1 1 .0201^2 + 1 .Olflfj + 1 

1.026j+6q 1.036j+6q . 


1 .404a 2 + 1 .02^ + 1’ 1 .0609a 2 + 1 .03^ + 1 
TenepB HaiiAyTca moacjih peryjiaTOpa 


h chctcmbi: W p (z) = 


1.434z- 0.428 
2.831z 2 -3.329z + l ’ 


W c (z) = 


1.434z- 0.428 
2.831z 2 -3.329z + ] 


2.71 8z 2 + 0.646z- 0.581 
2.718 z 2 -0.935z + 1 


nojiyneHHaa nepexoAHaa xapaKTepn- 
CTHKa ^HKCHpyeT nepeperyjiHpOBaHne 
°* c i = 46 % . 3to pemeHHe o6o3HaneHO 
tohkoh A Ha PncyHKe 2. Hoao6hbim 5 kg 
o6pa30M 6 bijih nojiyneHBi Apyrne tohkh 
3aBHCHMOCTH <J = /(v^) AM 3HaneHH5I 

t yX = 2.04 c. Bhaho, hto rpacjiHK He co- 
Aep)KHT ynacTKa, OTBenaiomero AByM 
Tpe6oBaHH«M - no po6acTHOCTH h nepe- 
peryjiHpOBaHHio. H3 aHajiroa tslkhkq cjie- 
AyeT, HTO AM AOCTHJKeHHa u,ejiH cjie- 
AyeT nepeMecTHTB KpHByio bhh3. 3toto 
M05KHO AOCTHHB 3a CHCT y B e JIHH e HHa UK Q- 
jiaeMoro BpeMeHH ycTaHOBjiemni. npH- 
MeM: t y2 — 2.7 c. npe5KHna npoAeAypa 
n03BOJIHT nOJiyHHTB Bee Heo6xOAHMBie 
AaHHBie , HanHHaa c 5KejiaeMoii nepeAa- 
tohhoh (})yHKH,HH (p) AO rpacjiHKa 
<t c2 =/(v ?7 ). nocjieAHHH npeACTaBjieH 
Ha PHcyHKe 2. 

nojiyneHHBie p e3yjiBT aTBi yAOBjieT- 
BOpHTeJIBHBI, OKpeCTHOCTB TOHKH B OT- 
BenaeT ycjiOBH^M 3aAann. npn Heo6xo- 

AHMOCTH M05KHO npOAOJHKHTB H3MCHe- 

hhh napaMeTpa t am AajiBHeHHieii xop- 
peKAHH rpa({)HKa cr = /(v ) . B ashhom 
HJIJIIOCT paTHBHOM npHMepe OrpaHHHHM- 
CH AByM^ npHBeAeHHBIMH HTepaAHUMH H 
nojiyneHHBiMH p e3yjiBT aT aMH . 



PhC. 2. Tpa^HKH 3aBHCHMOCTeil 

Act = /(v 7 ) 


3aKJiioHeHHe 

B pa6oTe paccMOTpeHa B03M05K- 
HOCTB HCnOJIB30BaHHH 5KeJiaeMOrO Bpe- 
MeHH ycTaHOBjieHHn t am npHAaHHa 
CHHTe3HpyeMoii CAY 3aAaHHoro nepe- 
peryjiHpOBaHHa h CBoiiCTBa po6acTHO- 
CTH. nOKa3aHO, HTO ABa HHCTpyMeHTa - 
y3JiBi HHTepnojiHpOBaHH^ h BpeMH ycTa- 
HOBJieHHa - n03B0JHII0T HTepaH,HOHHBIM 
enoeoOOM AOCTHHB H,eJIH. 
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ynPABJIEHHE nPABAMH flOCTYnA 
n0JIb30BATEJIEH HA OCHOBE 
AHAJIH3A OYHKIJHH EH3HEC- 
nPOHECCOB nPEflnPHRTHR 

Po^HOHOBa 3.B., KaH/j. TexH. HayK, ct. npeno/jaBaTejib 
Hoboch6hpckhh rocynapCTBeHHbiH yHHBepcHTeT okohomhkh 
h ynpaBjieHHu, Pocchu 

B CTaTte paccMaTpHBaiOTca Bonpocti ynpaBJieHna npaBaMH a o- 
CTyna nojn>30BaTejien k pecypcaM aBTOMaTU3upoBaHHbix HHcJiopMa- 
Uhohhbix chctcm: ^opMHpOBaHne MHO^cecTBa npaB aocTyna c tohkh 
3peHUH HX Heo6xO£HMOCTH H ^OCTaTOUHOCTH BbinOJIHCHUH nOJIB- 
30BaTejieM ero cJiyHKUHu hcxo^h H 3 noTpedHOCTen 6n3Hec-npouecca, 
a TaK)Ke CBoeBpeMeHHaa KoppeKTupoBKa sthx npaB npn BHeceHnn H3- 
MeHeHHH b 6n3Hec-npouecc. 

KjiiOHeBbie cjioea: ynpaBjieHue npaBaMH aocTyna, npoueccHtin 
noaxoa, 6n3Hec-npouecc, Moment aociyna, HHcjiopMaunoHHaH cncTeMa. 

Y HaCTHHK KOHtjiepeHLIHH, 

HaunoHajibHoro nepBeHCTBa no nayHHoii aHajmTHKe 
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YnpaBjieHne npaBaMH aociyna Ha ochobc 
aHanH3a (jtyHKpHH 6H3Hec-npoueccoB 

npeanpHHTHH 



Phc. 1 . 3 Tanbi ynpaejieHHn npaBaMH aocTyna Ha ocHoee aHajiH 3 a (|)viikmm 
6 H 3 Hec-npoueccoB np e,n np hatha 


3 4)$eKTHBHOCTB (jjyHKIJHOHHpOBa- 
HH a COBpeMeHHBIX aBTOMaTH3H- 
pOBaHHBIX HH(j)OpMaifHOHHbIX CHCTCM 
(^anee AHC) npe^npHaTHa HanpAMyio 

3aBHCHT OT TOTO, HaCKOJIBKO COOTBCT- 
CTByiOT nojiHOMOHHa nojn>30BaTejia ch- 
ctcmbi ero aojukhocthbim (jiymcifHAM. 
npH3HaHHbIM (JiaKTOM ABJIflCTCfl TO, HTO 
pacniHpeHHe hojihomohhh cBepx He- 
odxO^HMblX npHBO^HT K yBCJIHHCHHIO 
Henpe^HaMepeHHBix ohih6ok nojib30- 
BaTeJia, pOCTy pHCKOB, CBfl3aHHbIX c 
HeCaHKIfHOHHpOBaHHBIM ^OCTynOM K 
^aHHBIM. npH He^O CTaTOHHBIX nOJIHO- 
MOHHflX B03HHKai0T 3aTpy£HCHHfl B Bbl- 
nOJIHeHHH COTpy^HHKOM CBOefi padOTbl. 
CmyaijHfl MHoroKpaTHO ycnomaeTca 
ecnH Ha npe^npHUTHH (JtyHKHHOHHpyeT 
HecKOJiBKO AHC, xa)K^aa H3 KOTOptix 
odna^aeT CBoeh chctcmoh pa3rpaHHne- 
hha ^ocTyna. 

OopMaJIH30BaHHBie nOJIHOMOHHH B 
BH^e npaB ^ocTyna nonyuaiOT CBoe ot- 
pa)KeHHe b HacTponicax chctcmbi pa3- 
rpaHHueHna jjocTyna AHC (HanpHMep, 
Windows Active Directory, «KYB», 
Microsoft SQL Server h flp.), 6e3onac- 
Hoe nocTpoeHHe KOTOptix onpeAejmeTCfl 
(JiopManbHOH Mo^enbio. CymecTBeH- 
Hbiii BKjia^ b pa3pa6oTKy (jiopMajib- 
hbix Mo^eneH BHecjiH TaHAaMaKHH 
H.A., TepacHMeHKO B.A., Tpymo A.A., 

, 3 ,eB;mHH n.H., 3 er 5 K^a n.,ZJ., 
HBamKO A.M., Neumann P., 
Ravi S. Sandhu, Ferraiolo D. h #p. He- 
CMOTpa Ha ^ocTaTOHHO bbicokhh ypo- 
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BeHb TeopeTHnecKHx Hccne/fOBaHHH b 
odnacTH (JiopManbHbix MOfleneH ^ocTyna, 
hx npaKTHuecKaa peajiH3auHa HarajncHBa- 
eTCR Ha cymecTBeHHbie TpyzpiocTH, cBimH- 
Hbie c $0pMajiH3aifHeH, t. e. odecneneHHeM 
COOTBeTCTBHH adCTpaKTHBIX CyiUHOCTeH H 
npoueccoB moacjih peanbHbiM odbeicraM h 
npaBHnaM (jtyHKUHOHHpOBaHHa aBTOMam- 
3HpOBaHHbIX HH(J)OpMaifHOHHbIX CHCTCM H 
aiciyaj3H3aifHeH npaB ^ocryna BBjfzjy nocTO- 
RHHblX H3MCHCHHH 6H3HCC-npOIjeCCOB. 


B HayuHOH jiHTepaType Bbi^enaiOT ^Ba 
noAxo^a k ynpaBjieHHio npaBaMH #ocTy- 
na: Ha ochobc pemeHira Bjia^enbifa h Ha 

OCHOBe AOJUKHOCTHblX HHCTpyKIfHH. 

B nepBOM cnynae npaBa ^ocTyna 
onpe/jemieT Bjia^eneu npouecca hcxo^r 

H3 CBOHX JIHHHbIX 3HaHHH O ^CATCJIbHO- 

cth npe^npHOTHH. 3 tot tiojxxor npocT h 
T pedyeT Manbix 3aTpaT npn BHe^peHHH, 
ho cepbe3HbiM He^ocTaTKOM aBnaeTca 
HejiOBenecKHH (JiaKTOp: noMHMO omn- 
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6oK, KOTOpBie M05XCT AOnyCTHTB BJia- 
Aejieij npoijecca, npnHHMan pemeHHe o 
Aocayne, npo6jieMBi B03HHKai0T Tor^a, 
KoiTja o6BeKTBi HcnojiB3yiOTca Ha nepe- 
ceneHHH npoijeccoB jspyx Bjia^ejiBi^eB. 
MexaHH3M MOHHTOpHHra H3MeHeHHH 
cjia6o (J)opMajiH30BaH h Be^eTca Bpyn- 
Hyio, hto C03^aeT cjiomocth b ero pe- 
ajiH3ai^HH. 

Bo BTopoM cjiynae npaBa AOCTyna 
onpe^ejiaiOTca b cootbctctbhh c o6h- 
3aHHOCTOMH, 3aKpenjieHHBIMH B AOJDX- 
HOCTHOH HHCTpyXIJHH. 3(})(j)eXTHBH0CTB 
npHMeHeHH^ stoto noAxoAa HanpaMyio 
3aBHCHT ot CTeneHH aKTyajiH3ai^HH Ta- 
KHX ^OKyMeHTOB b opraHH3aAHH. Tax HKQ 
B03HHKai0T npo6jieMBI C MOHHTOpHHrOM 

H3MeHeHHH, a THnH3HpOBaHHBin noAxoA 
k pa3pa6oTKe aojdxhocthbix HHCTpyx- 
H,HH M05XCT CymeCTBeHHO CHH3HTB CTe- 
neHB KOppeKTHOCTH HHTepnpeTai^HH 
AOJI5XHOCTHBIX 06a3aHH0CTeH. 

C npHxo^OM coBpeMeHHOH Mo^e- 
jih ynpaBjieHHa, ocHOBaHHon Ha npn- 
MeHeHHH npoijeccHoro h CHCTeMHoro 
noAxoAOB, npoi^e^ypa (jiopMHpOBaHmi 
AOJI5XHOCTHOH HHCTpyKI^HH H3MCHHJiaCB . 

Tpynna CTaH^apTOB HCO 9000 coAep- 
>xht TpeOoBaHHa o tom, hto aojdxhoct- 

HBie HHCTpyKIJHH AOJI5XHBI pO)K^aTBCH H 
(J)0pMaJIH30BBIBaTBC3 HCXOA^ H3 (j)yHX- 
h,hh 6H3Hec-npoi^ecca. Kax npaBHjio, 
AOJHXHOCTHBie HHCTpyXI^HH TCHepHpy- 
K)TC H aBTOMaTHHeCXH Ha OCHOBe MOACJIH 
6H3Hec-npoi^ecca c noMonjBio cneipi- 
ajiH3HpOBaHHoro nporpaMMHoro o6e- 
cneneHmi. TaxHM o6pa30M, nepBoncTon- 
hhxom Rim Ha3HaneHH;i npaB AOCTyna 
^aXTHHeCXH CTaHOBOTCa (j)yHXipiH 6 h 3- 
Hec-npoi^ecca. /JojnxHOCTHBie HHCTpyx- 
ijhh yTpanHBaiOT 3^ecB cboio onpe^ejia- 
K>myio pojiB, npeBpanjaacB b npOMe)xy- 
TOHHBIH (})HXCHpyiOmHH AOXyMCHT. Py- 
xoboactbo yTBep)x^aeT npaBa AOCTyna 
nocpe^CTBOM yTBep}XAeHmi onncaHmi 
6H3Hec-npoi^ecca. Taxon noAxoA ocho- 
BBmaeTca Ha caMon cyra AorrejiBHOCTn 
npeAnpmrrmi, ee 6n3Hec-npoijeccax. 

IIoaxoa Ha OCHOBe aHamm 6n3Hec- 
npoijeccoB no3BOJineT bbihth Ha 6ojiee 
(J)opMajiBHBiH ypOBeHB npnmrrmi penie- 
hhh o npe^ocTaBjieHHH npaB AOCTyna 
h oOecnenHTB cjieAyiomne npenMynje- 
CTBa: 

- CHH5xeHHe nenoBenecxoro (jiax- 
Topa npn onpe^ejiCHKH AOCTyna x hh- 
(J)opMai^HH, Tax xax npaBa AOCTyna 
onpe^ejiaiOTca hcxoaji H3 TpeOoBamiH 



nonb30Baienn 



OpraHH3aunoHHaB 
MOAenb 

D4ZHZ)| 

Moflenb 

6n3Hec-npouecca 


<pho 

^^jcornpydHUKa 
QMO compydnuxa e ceoucmeax _ 
donxnocmu . ponu, ohoujhgso cydbOfana 
UomKHoernb. zpynna. 

opeanusanL/OHHap ponb, 

ohoujhuu cyCbexm 

Ceoucmeo 
noduuHOHHoemu 


MHcpopMaunoHHan 
MOAenb 


Ha itpopMauuH 06 odhexme docmyna u 
doucmeuu npou 3 ooduMbo< nod hum 


SnoMoum muna "HH&opuauua* 
U 3 pajdena «06be«mt>i docmyna » 



^epapxMH ponet^ 


rip emu 


r pynna, ceoucmeo "Konunecmeo* 
dm odhGKmoe donxmocmb, 
ponb. enewhuu cydbexm 


Ceoiicmea odbetcma 




OrpaHHMeHMA 


ypOBHM 

6e3onacHOCTM 


Phc. 2. CxeMa H3BJieneHHH a^hhux 


nponecca, a He H3 aojdxhocthbix hh- 
CTpyxAHH (nacTO ycTapeBuinx) h / hjih 
jihhhoto MHeHHa pyxoBOAHTejia noApa3- 
AeneHHa; 

- B03M05XH0CTB OnepaTHBHOTO 
BHeceHHa H3MeHeHHH b npaBa AOCTy- 
na npn H3MeHeHHH 6H3Hec-nponeccoB 

npeAnpHATHii; 

- B03M05XH0CTB BBMBJICHHa H 

ycTpaHeHHfl y3xnx mcct nponecca c toh- 
XH 3peHH^ 6e30naCH0CTH HH(J)OpMaH,HH; 

- CHH)xeHHe pncxoB 3a cneT bbmb- 
neHHa bo3mo}xhbix npoOjieM nponecca 
AO HacTponxH npaB AOCTyna b CP/],. 

Ba)XHOCTB npHMeHeHHa hmchho 
nponeccHoro noAxo^a jxjiz co3AaHH^ 
h 3xcnjiyaTanHH chctcmbi ynpaBjie- 
HH a HH(j)OpMaAHOHHOH 6e30naCH0CTBK> 
npeAnpHOTH^, HeoTneMneMOH nacTBio 
xoTOpon ABjnieTca nponecc ynpaBjie- 
hh a npaBaMH AOCTyna, noAnepxHBa- 
eT h MoxAyHapOAHBiH cTaHAapT ISO/ 
IEC 27001:2005 «HH(})opMaAHOHHBie 

TexHOJiorHH - MeTOABi oOecneneHHa 
6e3onacHOCTH - Chctcmbi ynpaBjieHHa 
HH(^OpMaAHOHHOH 6e30naCH0CTBK> - 
Tpe6oBaHH^» (pa3Aeji 0.2 «IlpoAeccHBiH 
noAxoA»). 

J\jlK peaJIH3aAHH B03M05XH0CTH 


ynpaBjieHHn npaBaMH AOCTyna b ycjio- 
bhiix chctcm pa3rpaHHneHHH AOCTyna, 
(^yHXAHOHHpyioiAHx Ha OCHOBe pa3- 
JIHHHBIX (J)OpMaJIBHBIX MOACJICH (pOJie- 

boh - RBAC, AHCxpeipiOHHOH - DAC, 
MaHAaTHOH - MAC), pa3pa6oTaHa 
o6o6meHHaa moacjib pa3rpaHHneHH5i 
npaB AOCTyna (Aanee - o6o6iAeHHaa 
moacjib) [1]. /Jammu moacjib onncBi- 
BaeT CTpyxTypy, npHHAHnBi achctbh« 
pa3JiHHHBix MOAejieii AOCTyna. npn 
pa3pa6oTxe o6o6iachhoh moacjih 6bijio 
ynTeHO raaBHoe TpeOoBaHne coBpe- 
mchhbix AHC - HajiHnne MexaHH3Ma 
aAMHHHCTpHpOBaHH^ npaB AOCTyna. 
Ochoboh o6o6iachhoh moacjih aBjiaeT- 
cn aAMHHHCTpaTHBHaa pojieBaa moacjib, 
xoTopaa Tax >xe no3BOJineT OMyjinpOBaTB 
MaHAaTHBIH H AHCXpeAHOHHBIH AOCTyn. 
IIpoBepxa xoppexTHOCTH o6o6iachhoh 
moacjih pa3rpaHHneHmi npaB AOCTyna 
npOBeAeHa nyTeM nocjieAOBarejiBHoro 
H3BHTHH H3 Hee 3JICMCHTOB H OTHOme- 
HHH, He BXOA^mnX B ABe H3 Tpex (Jiop- 
MajiBHBix MOAejien n AOxa3aTejiBCTBa 
toto, hto ocTaBmneca 3JieMeHTBi $yHx- 
AHOHHpyiOT b eooTBeTCTBHH c npaBHjia- 
mh AaHHon moacjih pa3rpaHHHeHmi npaB 
AOCTyna. 
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Co3^aHHe HOBOH 

IipoeKTHOH 

rpynnti 

Co3^aHHe HOBOH 
flOJUKHOCTH 

H3MeHeHHe b 

HepapxHH 

nO^HHHeHHOCTH 


Ybojtbhchhc 

COTpy^HHKa 


IlepeBOfl 

COTpyUHHKa 


ynacTByeT AHC 

H3MeHeHHe HcnojiHHTeneH 
(JjyHKIIHH 


H3MeHeHHe OHO 

COTpy^HHKa 


Phc. 3. k\iaccii(|)iikaium n3MeHeHnii AenTejibHOCTH npeanpHHTHn b KOHTeKCTe 
aKTyajin 3 au,nn npae aocTyna nojib 30 BaTejieii k pecypcaM AHC 


3Tam>i ynpaBjieHHfl npaBaMH #ocTy- 
na Ha ocHOBe aHajiH3a (j)yHKijHH 
6H3Hec-npoi^eccoB npeAnpHflTHfl mo>k- 
ho npe^CTaBHTB b cjie^yiomeM BH^e 
(Phc. 1). 

J\jm peajiH3ai^HH nepBoro 3Tana no 
onHcaHHK) 6H3Hec-npoiieccoB npe^npH- 
oth« npaKTHnecKyio 3HauHMOCTB HMe- 
K)T MeTO^OJIOrHH opraHH3au,HOHHoro, 
^yHKI^HOHaJIBHOrO H HH(j)OpMaiJHOHHO- 
ro Mo^ejinpoBaHH^. OpraHH3aii,HOHHan 
MO^ejiB onpe^ejifleT «r^e» HcnormneTCfl 
6H3Hec-npoi^ecc h caMoe raaBHoe «kto» 
ero HcnojiHaeT, (J)yHKijHOHajiBHa5i OTBe- 
naeT Ha Bonpoc «KaK?», HH(j)opMaijHOH- 
Han «c noMOH^Bio nero?». 

AHajiH3 yrp03 h y5i3BHMOCTeH 6n3Hec- 
nponeccoB no3BOJiaeT ouchhtb HH(j)opMa- 
HHOHHBie pHCKH h onpe£ejiHTB MepBi no 
npOTHBOAeHCTBHIO, TeM CaMBIM nOBBICHB 
6e30naCH0CTB ([lyHKHHOHHpOBaHHfl CH- 
CTeMBi Ha opraHH3au,HOHHOM ypoBHe. IIo- 
£o6hbih anropHTM nocTpoeHHa MO/jenn 
yrp03 Kancnaa oprammijini onpe^enneT 
CaMOCTOOTeJIBHO HCXO^a H3 Cnei^H(J)HKH 
CBoero (J)yHKHHOHHpOBaHHa h npHmrroH 
nojiHTHKH 6e3onacHOCTH jih6o Ha ochobc 
3aKOHO^aTejiBHO yTBep^eHHBix HopMa- 
THBHO-MeTOAHHeCKHX ^OKyMCHTOB. 

npoi^ecc aHajiH3a 6H3Hec-npoijec- 
COB M05KH0 npOH3BO^HTB aBTOMaTH- 
necKH (HanpHMep, c noMomBio £3BiKa 
XML), H3BneKa5i Bee Heo6xo^HMBie #aH- 

HBie H3 Cpe^BI 6H3HeC - MO^eJIHpOBaHHJL 
AnropHTM H3BJieneHHa ^aHHBIX M05KH0 
npe^CTaBHTB b o6njeM BH^e, ok cxeMy 
noTOKOB (Phc. 2). 

IIoCTOflHHO MeH^IOH^HeCa OKpy)Ke- 
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HHe, CTpeMjieHHe nonyuHTB KOHKypeHT- 
HBie npeHMymecTBa 3acTaBji5HOT npe#- 
npmrrae nepecTpanBaTB cboio flenTejiB- 

HOCTB, HTO B CBOK) OHepe/JB HCH3MCHHO 
OTpa)KaeTca Ha npaBax nojiB30BarejieH 
HH(|)OpMaH,HOHHBIX CHCTCM. J\jlK OpraHH- 
3ai^HH HenpepBiBHoro h 3(j)(j)eKTHBHoro 
npoijecca aKTy anH3 au|HH npaB /jocTyna 
TaKne H3MeHeHH^ Heo6xo^HMO OTCJie- 
)KHBaTB H HHTepnpeTHpOBaTB Ha H3Me- 
HeHHe npaB ^ocTyna k pecypcaM AHC. 

Pa3pa6oTaHa KjiaccH^HKai^Ha, Ha- 
HejieHHaa Ha onpeflejieHHe cynmocTH h 
napaMeTpOB h3mchchihi ^eaTejiBHOCTH 
npe^npHaTHa b kohtckctc hx bjhmhim Ha 
ynpaBjieHHe npaBaMH ^ociyna k pecyp- 
caM AHC (Phc. 3). Ochoboh jjjw flaHHofi 
KjiaccH(j)HKaipiH nocjiy^KHjiH OTeropHH 
^aHHBix, Heo6xo^HMBie jjjm (j)opMajiH3a- 
Hhh h aKTyajiH3au,HH npaB /jociyna, koto- 
pBie co^ep5KaTca b o6o6hzchhoh MonejiH. 
/J aHHaa KjiaccH(j)HKaijHfl He npeTeH^yeT 
Ha nojiHOiy h mojkct 6bitb pacninpeHa c 
yneTOM oco6chhoctch (J)yHKu,HOHHpoBa- 
hh n OTflejiBHO B35iToro npe^npHaTHa. 

B 3aKjnoneHHe xotcjiocb 6bi erne pa3 
no^nepKHyTB, hto npe^jiaraeMBifi uoji- 
xoa c o/jhoh CTopoHBi xapaKTeproyeTca 
BBi^ejieHHeM nojiB30BarejieH, ponefi, hx 
HepapxHH h o6bcktob jjociyna Ha ocho- 
Be aHajiH3a 6H3Hec-nponecca, c Apyrofi 
CTOpOHBI aCCOU,HaU,HCH ^eHCTBHH H co- 
6bithh 6H3Hec-npoi^ecca c coBepmemieM 
^ociyna. J\im npOMBimjieHHoro ncnojiB- 
30BaHHH npeAJioiKeHHoro no^xo^a 6Buia 
pa3pa6oTaHa HH^oMpai^HOHHaa cncTeMa 
$opMajiH3ai^HH h aKTyajiH3anHH npaB ^o- 
CTyna [2, 3]. 
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ON THE DETERMINATION OF THE 
STRESS TENSOR EIGENVALUES 


OE OnPEAEJIEHHH COECTBEHHEIX 
3HAHEHHH TEH30PA HAnPJDKEHHH 


T. Telia, Candidate of Technical Sciences, Associate Professor 
Georgian University, Georgia 

The paper is related to the method of determination of eigenvalues 
of an element of a body, being in the triaxial stress state. Determination 
of eigenvalues is reduced to the cubic polynomial, for the solution of 
which the method of successive approximation built in the dialogue 
window “Goal Seek” of MS Excel software, is used. The value of the 
greatest primary stress, corresponding to the maximum eigenvalue of 
the stress matrix (at which the body elements is destroyed) is found. 


Keywords: Excel, Goal Seek, successive approximation method, 
stress tensor, eigenvalue. 

Conference participant 


TenHfl T.H., KaH/j. TexH. HayK, accoif. npotj). 

Tpy3HHCKHH yHHBepCHTeT, Tpy3Ha 

B CTarte aaeTca MeToamca onpeaeueHua co6ctbchheix SHaueHuu 
ojieMCHTa Teaa, Haxo/pimerocji TpexocHOM HanpjDxeHHOM coctohhhh. 
Haxo^caeHne coSctbchheix SHaueHuu cbojuitch Ky6uuecKOMy nojiHHO- 
My, aua pemcHua KOTOporo HcnojiB3yeTCB mctoji nocjieaoBaTejiBHtix 
npu6jiu)KeHHH, BCTpoeHHEiH b jpiajioroBOM OKHe “Iloadop napaMe- 
Tpa”, nporpaMMHoro naxeTa MS Excel. HaiiaeHa BejinunHa Han- 
dojitinero maBHoro HanpjDKemni, eooTBeTCTByiomee HandojitineMy 
COdCTBeHHOMy 3HaueHHK) MaTpHHBI HanpHyKCHUH, npH KOTOpOH nponc- 
xoauT pa3pymeHne ajieMeirra Teaa. 

KjHoneBbie cjioea: Excel, nojjdop napaMeTpa, mctoa nocjiejjOBa- 
TeJIBHBIX npu6jIH5KeHHH, TeH30p HanpjLKeHHH, eodCTBeHHBie 3HaueHHB. 

YnaCTHHK KOHCjiepeHLIHH 
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T T eJIBIH p 5LJ\ HH5KeHepHEIX cbo- 

I IflHTCjl K paCCMOTpeHHK) CHCTCM 
ypaBHeHHH, HMetomux c^hhctbchho e 
pemeHHe jihhib b tom cjiynae, eejiH H3- 
BecTHO 3HaueHHe HeKOTOporo Bxojtamero 
b hhx napaMeTpa. 3toto oeodoro napa- 
MeTpa Ha3biBaiOT xapaKTepHCTHnecKHM, 
HJIH eodCTBeHHEIM, 3HaHeHHeM CHCTeMBI. 
C 3a^anaMH Ha codcTBeHHBie 3HaneHim 
HEDKeHep CTaJIKHBaeTCa B pa3JIHHHBIX 
CHTyaifH^x. Tax, TeH30p0B Hanp5Dxe- 
HHH eodCTBeHHEie 3HaHeHH5I Onpe^eJI5HOT 
maBHBie HOpMajiBHBie HanpajxeHHa, npn 
^HHaMHnecKOM aHanH3e MexaHHne ckhx 
CHCTeM - COOTBeTCTByiOT eodCTBeHHBIM 
nacTOTaM xojiedaHHH, a npn paeneTe xoh- 

CTpyKifHH - no3BOJMK)T onpe£ejiHTB KpH- 
THnecKHe Harpy3KH, npeBBimeHne xoto- 
pBix npHBO^HTB k noTepe y ctohhhbo cth . 

B odmeM enynae odueMHoro Hanpa- 
}KeHHoro coctojihh5i no rpamiM BBi^e- 
jieHHoro H3 MarepHajia oneMeHTapHoro 
KydHKa B03HHKai0T H HOpMaJIBHBie H 
KaeaTenBHBie Hanp5DxeHHJi (Phc. 1). flo 
3aKOHy napHOCTH xaeaTejiBHBix Hanpji- 
HKQHHH I — T , T — T T =T . COBOKyn- 

xy yx 7 xz zx, yz zy J 

hoctb rnecTH Hanp«5KeHHH a . o , a h 

r x y y z 

I nojiHOCTbio onncbiBaeT Hanpa- 

xy 7 xz y zy r 

5KeHHOe COCTO^HHe B TOHKe, H Ha3BIBaiOT 
TeH30p0M Hanp5DKeHHH [1]. 

TpeXOCHBIH TeH30p Hanp^5KeHHH 
MO)XHO npe^CTaBHTB B BH^e 

T xz 

°z 

TpedyeTca onpe^ejiHTB eodcTBeH- 
HBie 3HaneHH^ 3 toh MaTpHifBi, xoma 

o — 10xl0 6 H/m 2 , t = 5x10 6 H/m 2 , 

x 7 xy 

a = 20x1 0 6 H/m 2 , t =6x10 6 H/m 2 , 


CJ 

X 

X 

xy 

T 

O 

xy 

y 

T 

X 

xz 

yz 
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a = 30 xl 0 6 H/m 2 , t = 4 x 10 6 H/m 2 . 

z 7 vz 


IIo}KanyH, Handojiee oneBH/fHBiM 
enoeodoM pememui 3a#anH Ha eod- 
CTBeHHBie 3HaneHna aBjraeTCn hx onpe- 
AeJieHHa H3 CHCTeMBI ypaBHeHHH [1] 

(A-AE)X = 0 , ( 1 ) 

me A - MaTpHifa Hanp5DKeHHH, xoto- 
paa HMeeT bh^ 



5 

20 

4 


6 

4 

30 


xio 6 H/m 2 , 



E = 


1 0 
0 1 
0 0 


0 

0 

1 


Phc. 1. TeH3op iiaiipH/Kemm 


(2 3 -602 2 +1023;i-4610)xl0 6 i//.M 2 =0 ( 4 ) 


E - EflHHHHHafl MaTpHIfa 
X - TpH CKaJIJIpHBIX 3 HaneHHH, KOTO- 
pBix TpedyeTca Haifra, X- eodcTBeHHBie 
BeKTOpBi, cooTBeTCTByiomne Ka^OMy 
H 3 eodCTBeHHBIX 3 HaneHHH. 

YpaBHeHHe (1) HMeeT HeHyneBoe pe- 
rneHHe jihhib b cjiyuae, eejiH ero onpe^e- 
jiHTejiB paBHO Hyjiio 

det (^4 - AE) = 0 . ( 2 ) 


ElocTaBHB 3HaneHHe MaTpHif Ah E 
b onpe^ejiKTejiB (2) h noejie He ckojibkhx 
npocTBix npeodpa30BaHHH, nojiyuHM 


det 


10 -A 

5 

6 


5 

20-A 

4 


6 ) 

4 

30 


x10 6 H/m 2 =0. 


( 3 ) 


PacKpBiB onpe^ejiHTejiB (3), nojiynHM 
KydHHeCKHH nOJIHHOM OTHOCHTeJIBHO A, 
KOpHH KOTOpOTO H dyflCT eodCTBeHHBIMH 
3HaneHHHMH MaTpHIfBI HanpJDKeHHH 


J\wi pemeHHR HejiHHeiiHoro ypaB- 
HeHHJi (4) HcnojiB3yeTca nporpaMMHBiii 
naxeT MS Excel 2007 h BCTpoeHHBiH b 
H en MeTOA noejie^OBaTejiBHBix npndjiH- 
5KeHHH [2], KOTOpBIH H3BeCTCH nOJf Ha- 
3BaHHeM MeTOjfa HniOTOHa. Otmcthm, hto 
y nojiHHOMa TpeTBen CTeneHH HMeeTca 
He dojiee Tpex BemecTBeHHBix KopHeii. 
J\im HaxojxjteHHa KOpHen hx npe/jBapH- 
TeJIBHO Hy)KHO JIOKaJIH30BaTB. C 3TOH 
IfeJIBIO HeodxOJtHMO nOCTpOHTB rpa(})HK 
c))yHKUHH y = A 3 - 60 A 2 + 1 0232 - 46 1 0 
hjih ee npOTadyjiHpOBaTB [2]. Hanpn- 
Mep, npOTadyjiHpyeM nojiHHOM (4) Ha 
OTpe3Ke k e [5, 35] e rnaroM h = 2. Pe- 
3yjiBTaT TadyjiaifHH npHBe^eH Ha Phc. 
2, me b aneiiKy B 2 BBejteHa (JiopMyjia: 
=A2 A 3 -60* A2 A 2+ 1 023 * A2-46 10. Ha 

Phc. 2 bh^ho, hto nojiHHOM MeimeT 3Hax 
Ha HHTepBajiax [7, 9], [19, 21] h [33, 35]. 
3to 03HanaeT, hto Ha xa^OM H3 hhx 
HM eeTca xopeHB jfaHHoro nojiHHOMa. no- 
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A 

C D E J_ F G 

1 

x y 

_ 3HaMeHMe 

npMO/lMH<eHMe 

(pyHKUMM 

2 

5 -870 

8 246 

3 

7 -46 

20 -150 

4 

9 466 

34 116 

5 

11 714 




6 

13 746 


QAA 

lY 


7 

15 610 


oUU 

600 - 

400 - 

200 - 



8 

17 354 




9 

19 26 




10 

21 -326 


/ \ / X 


11 

23 -654 


-200 « 

-400 * 

-600 - 

-800 - 

-1000 - 

n 9 11 13 15 17 19N21 23 25 27 29 31 Sp 35 


12 

25 -910 



13 

27 -1046 




14 

29 -1014 




15 

31 -766 




16 

33 -254 





17 

35 570 








Phc. 2. JIoKajiioauHH KopHeii nojiHHOMa. 


jihhom TpeTteH CTeneHH HMeeT He 6ojiee 
Tpex ^eHCTBHTeJIBHBIX KOpHeil, n03T0My 
Bee KopHH noKajiH30BaHBi. B xanecTBe Ha- 
HaJIBHBIX npH6jIH5KeHHH K KOpHflM M05KH0 
B3HTB JIK)6Bie TOHKH H3 OTpe3KOB JIOKa- 
jiH3aH,HH KopHeii. Bo3bmcm, HanpHMep, 
hx cpe^HHe tohkh: 8, 20 h 34 h bbgrqm 
hx b £Hana30H aneex C2:C4 (Phc. 2). B 



Phc. 3. flnajioroBoe okho 
«II oa6op napaMeTpa» 

uneiiKy D2 BBe/jeM (jjopMyjiy: =C2 A 3- 
60*C2 A 2+1023*C2-4610. Bbi^cjihb 3iy 
AHerncy, h c noMoniBto Mapxepa 3anojiHe- 
HHanpOTan^HM BBe^eHHyio BHee(J)opMy- 
jiy Ha Anana 30 H D2:D4. TaxHM o6pa30M, 



Phc. 4. flnajioroBoe okho 
«P e3yjibTaT nomopa napaMeTpa» 

b nHeibcax D2:D4 bbihhcjuhotch 3nmemw 
nojiHHOMa npH 3HaneHH5ix apryMeHTa, 
BBe^eHHoro b uneHxax C2:C4, cootbct- 

CTBeHHO. 

Otho CHT enBHa^ norpeniHOCTB bbi- 
HHCJieHHH h npe^ejiBHoe hhcjio HTe- 


panHH 3a^aiOTca Ha BKjia/jxe Ilapa- 
MeTpw BhiHiicjieiiHH ^najioroBoro 
OKHa naparvieiphi Excel, OTKpBraae- 
Moro KOMaH^OH Office— >IIapaMeTpbi 
Excel^OopMyjibi. 3 a^a^HM othoch- 
TejiBHyio norpeniHOCTB h npe^ejiBHoe 
HHCJIO HTepai^HH, paBHBIMH 0,00001 H 
1000, COOTBeTCTBeHHO. HaXO^HM KOpHH 
nojiHHOMa mcto^om nocjie^OBaTejiBHBix 
npH6jIH)KeHHH C nOMOHIBK) KOMaH^BI 
flaHHbie— >Pa 6 oTa c jjaHHbiMH «AHa- 
jih3 “HTO-ecjin”— >II oa 6 op napaMeTpa h 
3anojiHHM ^HajioroBoe okho IIo/i 6 op na- 
paMeTpa (Phc. 3 ) cjiejryiomHM o6pa30M. 
B nojie YcTaHOBHTb b nneiiKe bbc/icm 
$D$2. Otmcthm, hto b 3 tom nojie ^aeT- 
cn ccBuixa Ha anei bey, b KOTOpyio BBe/jeHa 
(jjopMyjia, BBiHHCJinioman 3HaneHHe jicboh 
nacTH ypaBHerora (4). im Haxcwx/jeHiui 
KopHH ypaBHeHHa c noMomBio epe/jCTBa 
no/jdopa napaMeTpOB Ha^o 3anncaTB ypaB- 
HeHHe Tax, hto 6 bi ero npaBan nacTB He eo- 
ACpiKajia nepeMeHHyio. B nojie 3HaneHHe 
bbo/jhm 0 (b 3 tom nojie yKa3BmaeTca npa- 
Ban nacTB ypaBHeHim). B nojie, H3MeHHH 


3HaneHHe nneiiKH, BBe/jeM $C$2 (b otom 
nojie ^aeTca ecBuixa Ha uneiiKy, otbc^ch- 
Hyio no a nepeMeHHyio). Ilocjie Ha)xaTHfl 
KHonKH OK epe^CTBO no/jdopa napaMe- 
Tpa HaxojiHT npH6jiH5KeHHoe 3HaneHHe 
KOpHa, KOTOpoe noMemaeT b uneiiKy C2. B 
AaHHOM ejiynae oho paBHO 7,141760. 

AHajiorHHHO b uneiiKax C3 h C4 Ha- 

XO£HM JXB 2 L OCTaBHIHXCH KOpHU. OHH paB- 

hbi 19,141061 h 33,709178. Rax bbiejih- 
Aht ^najioroBoe okho Pe3yjibTar no/i6op 
napaMeTpa noejie yeneniHoro 3aBepme- 
hhh noncxa pemeHHa, noxa3aHO Ha Phc. 4. 

Ymho)khb HafijieHHBie xopHH Ha 
10 6 H/m 2 , nojiynaeM eodcTBeHHBie 3 Hane- 
HHfl TeH 30 pa Hanp 5 DKeHHH, COOTBeTCTBy- 
loniHe raaBHBiM Hanp 5 DxeHH 5 iM. Han^eHa 
BejiHHHHa HaHOojiBinero maBHoro Hanpa- 
}xeHi ra, paBHoii 33 , 709178 * 10 6 , npn koto- 
poii npOHCxo^HT pa 3 pymeHHe 3 JieMenra 
Tejia. 
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C OBpeMeHHbie tcxhhhcckhc cucTe- 
Mbl, B TOM HHCJie KOMnblOTepHbie 
CHCTeMbi (KC) pa 3 JiHHHoro Ha 3 HaHeHmi 
£OJDKHbI ya,OBJieTBOpOTb TpedoBamniM 
BBICOKOH Ha^OKHOCTH (JjyHKIfHOHHpO- 
BaHH^, hto aBjiaeTca rapaHTHeh bbi- 
nonHeHHa ohcctbchhoh no^ep^cKH 
npHRna^Horo npoifecca ( 6 H 3 Hec - npo- 
ifecca). 

KC AOJDKHa yaoBjieTBop^TB mho- 

}KeCTBy pa 3 JIHHHBIX TpedOBaHHH K o- 
HeCTBy (j)yHKIfHOHHpOBaHH 5 I, npH 3 TOM 
ya,OBjieTBopaTB TpedoBamra kjihchtob, 
nepcoHan, Bjia^ejibija h a^MHHHCTpa- 
IfHH. npHHeM BBinOJIHeHHe pa 3 JIHHHBIX 
TpedOBaHHH B 3 aHM 03 aBHCHMBI. AHa- 
jih 3 noKa 3 bmaeT, hto Rim odecneHeHHn 
Ha^OKHOCTH Baraoe 3 HaneHHe hmciot 
^ yHKIfHOHaJIBHBie (npOH 3 BO^CTBeHHO- 
TexHHHe CKHe) xapaKTepHCTHKH KC. Ha- 
npHMep, £JHI AOCTH)KeHH 5 I Ha^e 5 KHOCTH 
H 0 TO 30 yCT 0 HHHB 0 CTH Ba)KHbI CKOpOCT- 
HBie xapaKTepHCTHKH CHCTeMbi. Ecjih 
CKO pocTB no 3 BOJiaeT BBinojiHHTB onepa- 
ifHio b TeneHHe BpeMeHH t x rjik Bbinon- 
HCHHJI KOTOpOH TpedyeTCJI ^JIHTeJIBHOCTB 

t 2 , to noaBHTca pa 3 HHifa BpeMeHH Dt = 
t 2 - t 1? KOTopaa ^Jia CHCTeMbi ojmeTca 
pecypcoM pemeHHH 3 a^ann Ha^OK- 
hocth. Hcnonb 30 BaHHe Dt no 3 BOjraeT 
noBTOp-Hoe BbinojiHeHHe onepaifHH 
no^Bep)K^eHHa hb^okhocth (npaBHjib- 
hocth) pe 3 yjibTaTa camion onepaipiH h 
B occTaHOBjiemDi nocne cdoa, b cnynae 
ero bo 3 hhkhobchh^. B nocjieAHeM cny- 
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nae CHCTeMa ycneeT BoccTaHOBHTbca #o 
MOMeHTa noTpedHOCTH b pe3yjibTaTax 
^aHHoii onepaifHH npH pemeHHH npn- 
Kna^HOH (hjih 6h3hcc) 3a^ann. 

TaKHM o6pa30M, npH co3^aHHH KC 
HeodxO^HMO yHHTbIBaTb MH05KCCTB0 
pa3HOo6pa3Hbix h npOTHBOpeHHBbix 
TpedoBaHHH. 

1. CTpyKTypa 3a^aHH odecnene- 
hhh Ha^eacHOCTH KC. Ha^OKHOCTb KC 
£OCTHraeTC5i npH oahobpcmchhom pe- 
meHHH cjie^yiomHx 3a^an: 

- 0TO30CT0HK0CTB 3JICMCHTHOH 

6a3bi; 

- MOHTa^C y3JIOB H3 3JICMCHTOB C 
nepecTpaHBaeMoii CTpyKTypoii; 

- opraHH3aifHa KOpnopaTHBHbix 
npHHifHnoB padoTbi y3JiOB. 

- BBO£ npOCTpaHCTBeHHOH h Bpe- 
MeHHOH H36bITOHHOCTH (jiyHKIfHOHHpO- 
BaHH^. 

- pe3epBHpoBaHHe y3JiOB KC Ha 

OCHOBe O^HOpO^HOH CHCTeMbi C BOCCTa- 
HOBjieHHeM; 

- penjiHOijmi pecypcoB; 

- pacnpeAeneHHe (jiyHKijHH no 
ynpaBjieHHio cocto^hhcm annaparypbi 
MOK^y pa3HbiMH CHCTeMaMH c nepe- 
KpblTHeM (jtyHKIfHH (b HBCTHOCTH MOK^y 
dopTOBOH h Ha3eMHoii chctcmoh ynpaB- 
JieHHH nOBTOpHTb OCHOBHbie (jtyHKIfHH 
no KOHTponio h ynpaBjieHHio dopTOBbix 
chctcm h odopy^OBamm); 

- odecneHeHne oracTpotjioycTOH- 
HHBOCTH CHCTeMbi. 


- 3amHTa pecypcoB chctcmbi; 

- de 3 onacHOCTb (JtyHKifHOHHpOBa- 
hh a. OdecnenHBaa OTKa 3 oy ctohhhboctb 
KC, cjieayeT eme odecneHHTb de 3 onac- 
hoctb KC BHemHHx chctcm, T.e. de 3 - 
Bpe^HOCTb % Jia cpe/fbi. J\im KOHTpojia 
de 3 Bpe^HOCTH ^chctbhh KC OKpy^Ka- 
lomnx h k jw dn 3 Heca Heodxo^HMa Ha^cn- 
CTeMa, cocToamaa H 3 MeTaMO^ejin; 

- noMexo3amHmeHHOCTb nepe^a- 

BaeMbix ^aHHbix; 

- 3(})(j)eKTHBHOCTb peajiH 3 aifHH H 
opraHH 3 aifHH cobmccthoto BbinojiHeHHa 
Bcex npeACTaBjieHHbix 3 a^an (TpedoBa- 
hhh); 

- flOCTHHb 3 (J)(JieKTHBHOrO a^MHHH- 

CTpnpoBaHHa - MeHea^KMeHTa (Help dick, 
open vawe, Service disc h t.^.) ok Ha- 

3CMHOH, TaK H dopTOBOH CHCTeMbi; 

- CHTyaifHOHHoe ynpaBjieHHe Been 
KOMnblOTepHOH CHCTeMbi. 

Pe3ynbTaTbi Hccne^OBaHHa pa3- 
jihhhbix BapnaHTOB opraHH3aifHH OTKa- 
30yCT0HHHB0CTH n0O3bIBai0T, HTO HH 
o/fHa TexHOJiorna Hajfe^cHOCTH, B3aTaa 
b OT^ejibHOCTH, He odecnenHT bbicokhh 
ypOBeHb 0TO30yCT0HHHB0CTH H Ha^e5K- 
HOCTH. 

OTCio^a BbiTeoeT, hto rjik ^octh- 
5 KeHHJi donee bbicokhx pe 3 yjibTaTOB b 
H a^OKHOCTH, HeodxOAHMO HCn 0 JIb 30 - 
BaTb Bee HMdOHJHeCJI TeXHOJIOrHH Ha- 
^OKHOCTH, KOTOpbie TpedyiOT CHCTeMHO- 
ro paccMOTpeHH^ h pememDi. O^HaKO, 
3 TO npHBe^eT K B 03 paCTaHHK> CJI 05 KH 0 - 
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cth CHCTeMbi h npoijeeeoB ynpaBjieHHfl 
eio. IIo3TOMy HeoGxo^HMa MeTO^Hica, 
oGbe^HHaiomaa Bee 3 th TexHOJiorHH, 
npHBO^amHe K eflHHOH CHCTeMe, ho b to 
hk e BpeMn, no3BOJi^ioma5i orpaHHHeHHe 
CJI05KH0CTH KC. 

TaKHM o6pa30M, Ha ocHOBe pe3yjn>- 
TaTOB npefljio^ceHa HepapxHuecKan Tex- 
HOJIOTHH £OCTH)KeHH5I 0TKa30yCT0HHH- 
BOCTH H Ha^OKHOCTH, KOTOpaH HBJIHeTCH 
CHCTeMHOH. 

2. HepapxHHecKaH TexHOJionm 
aocTH»ceHHH Haae5KHOCTH. CocTaB He- 
papxHnecKOH TexHOJiorHH oGecneneHHfl 
Ha^OKHOCTH H3 CJie^yiOH^HX OT^eJIBHBIX 
TeXHOJIOrHH, KOTOpBie Me5K^y co6oh 
B 3aHMOCBa3aHBI HepapXHHeCKOH CTpyK- 
Typon: 

- y^ajieHHoe pe3epBHpoBaHHe KC. 

- 3amHTa CHCTeMBI OT HHIJHfleTOB 
h 6e3onacHOCTB /yin OKpy^eHHn 

- Mecraoe pe3epBHpoBaHHe y3JiOB 

- apxHTeKTypa (cTpyKTypa) y3JiOB 
KC c nepecTpaHBaeMOH jiorHKOH 

- 0TKa30CT0HK0CTB 3JieMCHTOB: 
annapaTHBie h nporpaMMHBie 

3. OpraHH3auHH peajiH3apHH ne- 
papxHHecKoii TexHOJiormi Ha^e»CHO- 
cth. fl,aHHaa nepapxHHecKaa opraHroa- 
ijhh TexHOJiorHH o6ecneHeHHn Ha/je5K- 
hocth o6ecneHHBaeTCn nyTeM eo3£aHmi 
annapaTHO-nporpaMMHoii njiaT(j)opMBi. 

3/jeCB OCTaHOBHMCa Ha OflHOM H3 
MeTO^OB nporpaMMHOH peajnmijHH Ha 
ocHOBe areHTHOH TexHOJiorHH. 

npoi^ecc odeeneueHmi OTKa3oycTOH- 
HHBOCTH BC M05KH0 0praHH30BaTB £BOH- 
ko: Ha ocHOBe 5KecTKoii i^eHTpajiH3ai^HH 
h Ha ocHOBe Aei^eHTpajiH3ai^HH npoijee- 
cob ynpaBjieHHn BC. Btopoh nojrxoa 
6a3HpyeTca Ha areHTHyio TexHOJiorHio. 
CorjiacHO ^aHHOii TexHOJiorHH Ka^BiH 
y3eji ocjiopMjiiieTca b BH^e areHTa. Tor- 
A a, Ka)K^BiH areHT, BBinojiH^a cboio oc- 
HOBHyiO (|)yHKH,HIO, O^HOBpeMCHHO BBI- 
nOJIHUeT (J)yHKI^HIO KOHTpOJIH 3a COCTO- 
nHHeM Apyroro y3Jia h no pe3yjiBTaraM 
npHHHMaeT pememui no ynpaBjieHHio 
ero coctouhhu. 

TaKHM o6pa30M, Ka^Bifi y3eji bbi- 
CTynaeT h kslk ynpaBjunomuH - Master, 
Tax h ynpaBjineMBiH -Slave. B pemiMe 
Master y3eji ocymecTBjiaeT kohtpojib 
3a pa6oToii Slave, eoxpamieT uepe3 
onpe^ejieHHBie HHTepBajiBi BpeMeHH eo- 
ctouhhh BBinojiH^eMoro Ha Slave -y3Jie 
(jjpameHTa napajuiejiBHoii nporpaMMBi 
h b cjiynae OTxa3a Slave-y3Jia BoecTa- 


HaBjiHBaeT bbiuhcjichhii c nocjieAHen 
tohkh coxpaHeHHn Ha flpyroM y3Jie BC 
b eooTBeTCTBHH c 3a,a,aHHOH cxeMoii pae- 
npeAejieHHa pojieii. 

Bo3M05KeH h flpyroii BapnaHT, kot- 
#a BoccTaHOBjieHHe coctohhhh (bbi- 
HHCJieHHii) y3Jia npOHCxo^HT He no 3a- 
paHee 3a£aHHoii cxeMe paenpeflejieHHn 
pOJieH, a B ^HHaMHKe, B 3aBHCHMOCTH, 
HanpHMep, ot 3arpy)KeHHOCTH kom- 
nBiOTepHOH CHCTeMBi. Ecjih Ha y3Jie 
npOHCXOflHT c6oil, TO npOH 3 BO£HTCH 
nonBiTKa nepe3anycKa nporpaMMBi Ha 
3 tom y3Jie. Ecjih c6oh npo^ojDKaeT 
noBTOpaTBC^, h npHHHHa e6on TaK5Ke, 
Tor^a BBiHHCJieHHa nepeHOCHTca Ha 
/jpyrofi y3eji. ^aHHBiii no£xo# no3BO- 
jiaeT peajiH30BaTB ^ocTaTOHHO rn6Kyio 
cxeMy oGecneneHHn OTKa3oycTOHHHBO- 
CTH BBIHHCJieHHH. 

Ha^eraocTB chctcmbi eme ^ocTHra- 
eTca Ha^e)KHBiM KO^HpoBaHueM TpaHC- 
nopTHpyeMBix jjaHHBix. 

J\jlK 0TKa30yCT0HHHB0CTH Ba)KHa H 

CKopocTB pa6oTBi KC. Ecjih KC pa6o- 
TaeT 6BicTpee, ueM Tpe6yeT 6n3Hec, to 
onepaipno mo)kho noBTOpHTB hjih boc- 
CTaHOBHTB nocjie c6on h CHOBa nonBi- 
TaTBCn peniHTB 3a£auy. IIo3TOMy opra- 
HH3aiJH5I npoi^ecca 0TKa30yCT0HHHB0CTH 
h Ha^e)KHOCTH 6a3HpyeTcn Ha ochobc 
B peMeHHoro pecypca. 
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BLOCK-SYMMETRIC MODELS AND 
METHODS: NEW CLASS OF DISCRETE 
PROGRAMMING TASKS 

G. Kaziyev, Doctor of Technical sciences, Full Professor 

G. Nabieva, Candidate of Technical sciences, Associate 
Professor 

B. Dautova, Doctor of Technical sciences, Lecturer 

Kazakh National Technical University named after K. 

Satpayev, Kazakhstan 

A new class of tasks in setting and solving application-oriented 
tasks is developed and offered in this paper - block-symmetric models 
and methods of discrete programming. 

The general setting of block-symmetric tasks is demonstrated. It 
differs from the known tasks by the block properties, symmetry and 
existence of different types of variables. The algorithm of iterative 
imaging of polynomial computing complexity, allowing to solve the 
application-oriented tasks of high dimensionality, is developed for 
solving tasks of this class. The clustering task is stated as an example 
of setting of the application-oriented task of the discrete programming. 

Keywords: block-symmetric models and methods, discrete 
programming, application-oriented tasks, clustering, computing 
complexity. 
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EJIOHHO-CHMMETPHHHBIE MO^EJIH 
H METOflBI HOBEIH KJIACC 3AflAU 
AHCKPETHOTO nPOTPAMMHPOBAHUa 

Ka3HeB T.3., #-p TexH. Hayx, npoij). 

HadueBa T.C., oh/c TexH. Hayx, ^orteHT 
fl,ayTOBa E.M., ^-p TexH. Hayx, npeno/jaBaTejiB 

Ka3aXCKHH HaifHOHaJIBHBIH TeXHHHeCKHH yHHBepCHTCT 
hm. K.H. CaTnaeBa, Ka3axcTaH 

B padoTe pa3padoTaH n npe/Dio)KeH hobbih Kjiacc 3a^aH nocTaHOB- 
kh n pemeHHH npnKJiaztHbix 3a^au: djiOHHO-CHMMeTpHHHBie Moztejin n 
MeTO^Bi AHCKpeTHoro nporpaMMHpOBaHna. 

IIpHBea,eHa obmaa nocTaHOBKa 6 jiohho - CHMM eTpuHHBix aa^an, 
OTjinuaiomatfCtf ot H3BecTm>ix 3a^au CBOHCTBaMH 6 jiohhocth, chmmc- 
TpHHHOCTH H HaJIHUHCM pa3JIHHHBIX TIHIOB nepeMCHHBIX. /f JT5T pCmCHUH 
3a/tau 3Toro KJiacca pa3padoTaH aaropHTM HTeparaBHbix OTodpa^emm 
nOJIHHOMHaJIBHOH BBIHHCJIHTeJIBHOH CJIO)KHOCTH, odeCneHHBatOIUHH 
pemeHHH npHKjia/tHBix 3a^au dojiBinon pa3MepHOCTH. IIpHBe/ieHa no- 
CTaHOBKa aaaaun KjiacTepn3aipnH, kslk npHMep nocTaHOBKH npHKjiaa,- 
hoh aaaaun /jncKpeTHoro nporpaMMHpOBaHna. 

KjuoueBbie cjiOBa: djiouHO-CHCTeMaTHuecKHe Moaejin n mctoxibi, 
AHCKpeTHoe nporpaMMHpOBaHne, npnKjia^HBie aaaaun, KjiacTepim- 
U na, BBiHHCJiHTejiBHaa cjio>khoctb. 

YnaCTHHKH KOH(J)epeHLIHH, 

HaunoHajibHoro nepBeHCTBa no HayiHoii aHammiKe 
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B eeaeHHe. Bojibinoe hhcjio npn- 

KJia^HBIX 3a^aH B pa3JIHHHBIX ot- 
paCJI^X 3KOHOMHKH CBO^HTCil K 3a#a- 
uaM ^HCKpeTHoro nporpaMMHpOBaHmi. 
KnaccHuecKHe nocTaHOBKH h mctoabi 
peinemia npHicjia^HBix 3a^aH ^HCKpeT- 
hoto nporpaMMHpOBaHH^ ycneniHO hc- 
noni>3yiOTCH Rim pemeroni mhothx npax- 
THHeCKHX 3a#aH B pa3JIHHHBIX odjiacTax 
HayKH, TeXHHKH H TeXHOJIOTHH. 

BMecTe c tcm, 3a^auH ^HCKpeTHoro 
nporpaMMHpOBaHHa BectMa cjio}khbi h 
HM eiOT cymecTBeHHbie orpaHnneHmi 
AJDi niHpOKoro pemeHua mhotohhc- 
neHHbix npHjio)KeHHH. IIpe5K^e Bcero k 
T aKHM OipaHHHeHHflM OTHOCATCfl 3KCnO- 
HeHItHaJIBHaa BBIHHCJIHTeJIBHail CJI05K- 
hocte pemeHHH npHKjia^HBix 3a£an, 
tohhoctb pememni, pa3MepHOCTb perna- 
eMBix 3a#au h jjpyrne. 

IlonblTKH yCTpaHHTb 3TH TpyifHOCTH 
He Bcepaa ycneuiHBi h hct e^HHoro no^xo- 
M h TeopeTHuecKHx ochob npeo^oneHmi 
3TOH CHTyaifHH B odjiaCTH ^HCKpeTHOTO 
nporpaMMHpOBaHHH. fIo3TOMy Hccne^o- 
BarenH mjyr no nyra pa3padoTKH tohhbix 
M eTO^OB jjjm MO^ejiBHBix npHMepOB He 
dOJIBHIOH pa3MepHOCTH, 3BpHCTHHeCKHX 
H npH6jIH5KeHHBIX MeTO^OB nocTaHOBKH H 
pemeroui ^ncKpeTHBix 3a^au. Ka^tm pe- 
3ym>TaT, nojiyneHHbin b ^aHHon odnacTH 
TpedyeT npHCTanBHoro BHHMaHHa. 

B HacTOJffljen padoTe paccMarpHBaeT- 
cji nocTaHOBKa n pemeHHe hoboto KJiacca 
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3a^an /jHCKpeTHoro nporpaMMHpOBaHHa, 
KOTOptin Harneji npnMeHeHne npn perne- 
hhh pa3JiHHHBix npHEjia^HBix djIOH- 

HO-CHMMeTpHHHBie 3a^aHH ^HCKpeTHOTO 
nporpaMMHpOBaHna (BC3). 

1. Odman iioc i aiiOBKa 3a^aHH 

Flo Mepe pa3BHTH5i MO^enen n mcto- 
#ob flncKpeTHoro nporpaMMHpOBaHna, 
nocTaHOBKH hobbix 3a^aH n ^pyrax npn- 
no5KeHHH noaBjiiieTca Heodxo^HMOCTt 
pa3padOTKH HOBBIX nO^XOAOB H MeTO^OB 
pemeHHa 3a^aH. O^hhm H3 tbkhx no^- 
XOAOB HBJiaeTCa djIOHHO-CHMMeTpHHHBie 
MO^eJIH H MeTO^BI [1,2]. 

PaccMOTpHM odmyio nocTaHOBKy n 
pemeHHe dnoHHO-CHMMeTpHHHBix 3a^an 
^HCKpeTHoro nporpaMMHpOBaHHa. 

IlycTB 3a^aHO mho^kcctbo odb- 
eKTOB A = [a t ;i = 1,/} h mho^ccctbo 
odueKTOB b = [bj\j = fj} c 3neMeHTaMH 

pa3JIHHHBIX THnOB, a TaiGKe B3aHMO CB33H 
Me>K^y 3JieMeHTaMH othx mhojkcctb, ko- 
TOpBie onpe/jejunoTCJi MaTpHueh 

W = ||, i = \J,j = 

3JieMeHTBI KOTOpOH IfeJIOHHCJICHBI 
HJIH dyneBBI. HeodxO^HMO odBe^HHHTB 
3neMeHTBi MHO)KecTBa A b HenepeeeKa- 
lontneca noAMH05KecTBa A n , n = 1 , N , a 
3neMeHTBi MHO)KecTBa B - b Henep eeeKa - 

lontneca no£MH05KecTBa B m , m = l,M , 

TaKHM odpa30M, HTOdBI AOCTaBHTB 3KC- 

TpeMyM ifeneBOH ^yHKifHH F (A n , B m ,). 


Rim 4)0pMaJIH30BaHH0H nocTaHOBKH 
3aAauH BBe^eM cneAyiontHe nepeMeH- 
HBie. riycTB X - |]jc h ||, i = 1 , 1 ; n = l,N 

- dyneBa MaTpmta, r^e x h = 1, eenn i-H 
3neMeHT paenpe^eji5ieTC^ b n -10 rpynny, 
x h = 0 , b npoTHBHOM cjiyuae. AHa- 
jiorHHHo Y = I |,y = 1, J; m = 1 ,M, 
tjiq y M =1 eenn j-h 3neMeHT paenpe- 
^enaeTca b m-io rpynny h y pi = 0, b 
npoTHBHOM enynae. B odmeM enynae 
MaTpnifBi nepeMeHHBix X n Y Moryr 
dBITB IfeJIOHHCJieHHBIMH. 

Onpe^enHM Ha MHO^cecTBe A x B 
(^yHKifHio F(X.Y), 3aBHC5mtyio ot pae- 
npeAeneHna ojicmchtob mho^kcctb A h 
B no noAMH05KecTBaM A n , n B • Co- 

OTBeTCTBeHHO Ha MH05KeCTBe A - $yHK- 
IfHH cp k {x),k = \,K, a Ha MH05KecTBe B 

- (JtyHKijHH Ys (^)j ^ = 1, S, onpe^e- 
ji5noiitne orpaHnneHHH cootbctctbchho 
Ha MH05KeCTBaX A h B. 

BjiouHO-CHMMeTpHHHaa 3a^aua ^hc- 
KpeTHoro nporpaMMHpOBaHHn (JiopMy- 
jinpyeTca ene^yioiitHM odpa30M: 

F(X,Y)—> extr, (1) 

npn orpaHHHeHHux 

cp k {x)<(p Ko ,k = \^, ( 2 ) 

Ws {Y)<W S0 ,s = \S, (3) 

B MH05KeCTBe OrpaHHHeHHH (2) H 
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(3) B 3aBHCHMOCTH OT IIOCTaHOBOK 3a#aH 
3HaKH HepaBeH ctb MoryT mchutbch Ha 
np0THB0n0JI05KHbie . 

B o6meM ejiynae ^ByxHH^excHbie 
Marpmjbi - nepeMeHHbie X h Y h 3a#aH- 
Han MaTpHi^a W MoryT 6 bitb ijejiOHHC- 
JieHHBIMH. 

PaccMOTpHM 3a#any npH ycjiOBHH, 
xor^a nepeMeHHbie X, Y h W-6yjieBBi 
MaTpHi^Bi. B KanecTBe (jiyHxijHH F(X,Y) 
nacTO HcnojiB3yiOT (JiyHxijHio BH^a F(Z), 
me 

Z = XWY (4) 

PaccMOTpHM BBIpa)KeHHe (4), KOTO- 
poe npe^CTaBjiaeT co6oh npOH3Be^eHHe 
Maipmj, nepeMeHHBix XhYh 3a^aHHOH 
MaipHH,Bi W, Ha KOTOpOH onpe/jejieHa ne- 
jieBaa (jiyHxijmi. B OTjiHHne ot Tpa^mjH- 
OHHBIX nOCTaHOBOK 3a#aH flHCKpeTHOrO 
nporpaMMHpOBaHH^ b ^aHHOH nocTaHOB- 
xe HMeiOTca £Ba rana nepeMeHHBix XhY, 
nepeMeHHbie XhY CHMMeTpHHHbi otho- 
CHTeJIBHO 3a^aHHOH MaTpHHBI W. 

B 3a^ane (l)-(3 ) mo)xho BbmejiHTB 

MH05KeCTB0 OrpaHHHCHHH BH^a (2), KO- 
TopBie 3aBHC^T ot nepeMeHHOH X, h 
MH05KeCTB0 OTp aHHH eHHH BH^a (3), KO- 
TopBie 3aBHCnT ot nepeMeHHOH Y. 

TaKHM o6pa30M, 3a^any BH^a (l)-(3) 
Ha30BeM 6jiOHHO-CHMMeTpHHHOH 3a#a- 
neii ^HCKpeTHoro nporpaMMHpOBaHmi. 

PaccMOTpHM BBIpa)KeHHe (4). H3 
Hero cjie^yeT hto nepeMeHHbie XhY 
CHMMeTpHHHbi OTHO CHTCJIBHO 3a^aHHOH 
MaTpHI^BI W H (jtyHXIjmi (4) M05XCT 6bITb 
onpe^ejieHa xax cjieBa HanpaBO, Tax h 
Hao6opOT, t. e. 

Z = XWY = YWX (5) 

Ha ocHOBe o6men nocTaHOBKH 
onpe^ejiKM ochobhbic CBOHCTBa C(j)0p- 
MyjinpOBaHHoro Kjiaeca 3a^an, OTjiHHaio- 
iipie ero ot Tpa^HijHOHHbix nOCTaHOBOK 
3a^an ^HCxpeTHoro nporpaMMHpOBaHmi 

Cbohctbo 1. HajiHHne #Byx ranoB 
nepeMeHHBix XhY pa3JiHHHbix TrniOB, 
npeACTaBjieHHbix b BH^e 6yjieBbix Ma- 
Tpmj, KOTOpbie onpe^ejiCHbi Ha 3a#aH- 
hoh Marpmje W. 

Cbohctbo 2 . Bjiohhoctb 3a#aHH 3a- 
KmoHaeTcn b Bbi^ejieHHH b nocTaHOBKe 
OT^eJIBHBIX 6JIOKOB (JtyHXIJHH BH^a (2) H 
(3), 3aBHC5HIJHe TOJIBKO OT o^hoh nepe- 
MeHHOH XhY. 

Cbohctbo 3 . Chmmctphhho ctb 3a#a- 

HH 3aKJIK)HaeTCa B B03M05XH0CTH BBIHHC- 


jieHmi ( 5 ) xax b npflMOM Tax h o 6 paTHOM 
HanpaBjieHHH. 

2 . PemeHHe 3 a#aHH. 

AHaJIH 3 OCOGeHHOCTeH h cbohctb 
C( j)OpMyjIHpOBaHHOH 3 a^aHH n 03 B 0 JI 5 ieT 
npeaJIO)XHTB 3 (J)(|DeXTHBHBie aJirOpHT- 
mbi pememni ^aHHoro xjiacca 3 a#an. 
PaccMOTpHM pemeHHe 6 jiOHHO-CHMMe- 
TpHHHBix 3 a^an ^nexpeTHoro nporpaM- 
MHpOBaHmi npH yCJIOBHH, HTO X, Y H 
W - 6 yjieBBi MaTpHi^Bi. Jlerxo £Oxa 3 aTB 
cjie^yiomee yTBep 5 X£emie. 

YTBep}x^eHHe. Paenpe^ejiemie 
ajieMeHTOB MHO)xecTBa A no Henepe- 
eexaiomHM noAMH05xecTBaM A n co- 
OTBeTCTByeT jiormiecxoMy cji05xeHHio 
CTpox MaTpni^Bi | co~ \\,a paenpe^ejieHHe 
ajieMeHTOB MHO)xecTBa B no Henepeee- 
xaiomHMCn no^MHOixecTBaM B -Jiorn- 

m 

neexoMy cjio)xeHHio ctoji 6 ijob MarpmjBi 

ki. 

Pe 3 yjiBTaTBi ^aHHoro yTBep)x,aeHmi 
n 03 B 0 JHH 0 T npOCTO BBIHHCJIHTB OIjeHXH 

h HanpaBjieHHH nonexa pemeHmi £jin 
pa 3 pa 60 TXH 3 ({)(|)eXTHBHBIX aJirOpHTMOB. 

BBe^eM nomrrae 6 a 3 nea pemeHmi 
3 a^anH. Uor 6 a 3 HCOM noHHMaeTcn 3 a- 
AaHHBIH COCTaB 3 JieMeHTOB nO^MHO- 

}xecTB A n h B m Ha MaTpmje W. 

B Marpmje W 6 a 3 HC Haxo^HTca xax 
HexoTOpaa no^Marpmja Z, 3 JieMeHTBi 
xoTOpon onpe^ejiCHbi. fl,aHHyio no^Ma- 
TpHi^y nyTeM nepecTaHOBXH HOMepoB 
CTpOXH H CTOJl 6 l^OB MaTpHI^BI W H HX 
nepeHyMepOBXH Bcer^a mo>xho onpe- 
AejiHTB b jieBOM BepxHeM yrny. Taxoe 
npe^CTaBjieHHe ynpomaeT npoi^e^ypy 
oi^eHox h onpeAeneHHfl HanpaBjieHHH 
nonexa pemeHHu. 

fl,jia pemeHH^ 6 jiohho-chmmctphh- 
hoh 3 a^anH ^HexpeTHoro nporpaMMH- 
pOBaHHn npH ycjiOBHH, xor^a X, Y h 
W - 6 yjieBbi MarpHijBi, pa 3 pa 6 oTaH h 
npeaJioixeH 3 ()x))exTHBHBiH ajiropHTM 
HTepaTHBHBIX 0 T 06 pa)XeHHH. AjiropHTM 
COCTOHT H 3 CJie^yiOmHX OCHOBHBIX 3 Ta- 

noB: [3]. 

1. B 6 yjieBOH MaTpni^e W BbmejiHM 
no^MaTpHi^y Z = \z nm ||, n = l,N;m = \,M 
h onpe^ejiHM ee xax 6 a 3 ne pemeHHa 3 a- 
jl mu. 

2 . Onpe^ejiHM MaTpni^y 
D = \d rn \,i' =« + U : ;« = UV HanpaB- 
neHHn nonexa pemeHH^ X nyTeM jiorn- 
neexoro cjioixeHHa He 6 a 3 HCHBix CTpox 
MaTpHI^BI W CO CTpOXaMH 6 a 3 HCa h bbi- 
HHCJIHM 3 HaneHH 5 I OI^eHOX tojibxo no no- 
3 HH,H^M 6 a 3 HCa. 


3. B COOTBeTCTBHH C nOJiyHCHHBIMH 
ou,eHxaMH oeymecTBHM pacnpe^ejieHHe 
3jieMeHTOB MHO)xecTBa A no no^MH05xe- 
CTBaM A n B pe3yjiBTaTe 3a(j)HxcHpyeM 
pemeHHe X h npOMOxyTOHHyio Marpmiy 

n = \\7r nj \\,n = lJ;j = l,J. 

4. Onpe^ejiMM MaTpm^y 
D = | dj, n ||, f = m + 1, 7; m- 1, M, Ha- 
npaBjieHmi nonexa pemeHHa Y nyTeM 
jiorHHecxoro cjio)xeHHa He6a3HCHBix 
ctoji6i;ob npOMOxyTOHHOH MaTpmjBi 
n = 1 7r nj | co CTOJi6i^aMH 6a3Hca h bbi- 
hhcjihm 3HaneHHa oi^eHOx tojibxo no no- 
3HH,H^M 6a3HCa MaTpHI^BI n. 

5. B COOTBeTCTBHH C nOJiyHCHHBIMH 
ou,eHxaMH MaTpm^Bi n paenpe^ejiKM 
3jieMeHTbi MH05xecTBa B no no^MH05xe- 
CTBaM B m . B pe3yjibTaTe (JmxcHpyeM 
pemeHHe Y h i^ejieByio Marpmiy Z, Ha 
xoTopon onpe^ejiCHO 3HaneHHe i^ejieBOH 
^yHxi^HH F (Z). 

Cjie^yeT otmcthtb, hto nonex pe- 
meHrni 3a^anH moukqt o cyme ctbjmtbcji 
xax b npuMOM HanpaBjieHHH no exeMe 
DX DY, Tax h b o6paTHOM HanpaBjie- 
HHH no exeMe DY DX. 

PaCCMOTpHM npHMep nOCTaHOBXH H 
pemeHHa 3a^anH xjiacTeproaijHH $yHx- 
i^HOHajiBHbix 3a^an h HcnojiB3yeMBix 
HMH ^OXyMeHTOB npH npOeXTHpOBaHHH 
aBTOMaTH3HpOBaHHBIX HHtjjOpMaHHOH- 
HBIX CHCTeM. 

3. npHMep nocTaHOBXH npHXjia^- 

HOH 3a^aHH 

3Tan TexHHHeexoro npoexTHpOBa- 
HHH aBTOMaTH3HpOBaHHBIX HH(])OpMa- 
i^hohhbix CHCTeM nBjmeTca HaH6ojiee 

CJI05XHBIM H ^JIHTeJIBHBIM. Ha ^aHHOM 
3Tane (JiopMHpyeTca o6maa (jjyHXHHO- 
HajiBHan CTpyxTypa, eocTaB h noejie- 
AOBaTejiBHOCTB pemeHmi npHXjia^HBix 
3a^an, CTpyxTypa npHioia^Horo npo- 
rpaMMHoro oGeeneneHmi CTpyxTypa 
6a3Bi ^aHHbix, onpeAejiaeTc^i oGmeen- 
CTeMHoe nporpaMMHoe oGecnenemie 
npoexTHpyeMon chctcmbi. 

npn 6ojibmoM HHCJie npnxjiaAHBix 
3a^an h cjiojxhom £OxyMeHTOo6opOTe 
B03HHXaeT Heo6xOAHMOCTB ^eX0Mn03H- 
H|HH CHCTCMBI Ha XJiaCTepBI. 

noA xjiacTepOM npHXjia^HBix 3a^an 
noHHMaeTca o6be^HHeHHe 3a^an b no^- 
MHO)xecTBa, a xjiacTepaMH ^oxyMeHTOB 
- o6be^HHeHHe ^oxyMeHTOB b no^MHO- 
5xecTBa h ycTaHOBjieHHe B3aHMOCBH3eH 
MQyKJiy COOTBCTCTByiOmHMH n0^MH05Xe- 
CTBaMH. B3aHMOCBH3H MOX^y HHMH OT- 
pa)xaiOT HHTerpHpOBaHHBie cba3h mox- 
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jxy KjiacTepaMH. Om>iT npoexTHpoBaHHn 
CHCTeM o6pa6oTKH ^aHHBix h npoBe- 
^eHHBie Hccne^OBaHHa noxa3ajiH He- 
oflxO/JHMOCTB AeK0Mn03HI^HH hcxo^hoh 
CHCTeMBi, KOTOpaa no3BOJiaeT Ha 3Tane 
TexHHnecKoro npoexTHpOBaHHn niy6)xe 
npoaHajiH3HpoBaTB KjiacTepBi 3a^an h 
^oxyMeHTOB, pacnapajuiejiHTB o6bcmbi 
pa60T MQHKffy npOeXTHpOBHlHXaMH, BBI- 
^ejiHTB npoi^e^ypti o6pa6oTKH /jaHHBix 
H HH(j)OpMaiJHOHHBie 3JICMCHTBI RJISL pa3- 
pa6oTKH npHKna^Horo nporpaMMHoro 
odecneHemni h 6a3Bi ^aHHBix aBTOMaTH- 
3HpOBaHHBIX HH(j)OpMaiJHOHHBIX CHCTCM. 

IIo3TOMy b xanecTBe xpHTepmi 3(j)- 
(jieXTHBHOCTH npOIjeCCa fleX0Mn03HipiH 
HCXO^HOH CHCTeMBi HCnOJIB3yeM MHHH- 
MyM HH^OpMai^HOHHBIX B3aHMOCBH3CH 
Mox^y KjiacTepaMH 3a#an h ^oxyMeH- 
TOB. 

fl,JHI MaTeMaTHHeCKOH nOCTaHOBKH 
3a^aHH ^eK0Mn03HI^HH CHCTeMBi BBQJIQM 
cjie^yiomHe nepeMeHHBie h o6o3Hane- 

HHH. 

IlyCTB, A = {tf.,/ = 1,/} H - MHO- 
}KecTBO npHKjia^HBix 3a^an o6pa6oTKH 
^aHHBix, noflnoKamne aBTOMaTH3au,HH; 
B = \bj,j=\,j\ - MH05KCCTB0 HCXO/J- 
HBIX ^OKyMeHTOB, HCnOJIB3yeMOe £JHI 
pemeHHn npHXjia^HBix 3a^an. 3a#aHa, 
MaTpHi^a W = | cv- 1|, i = 1, /, j = 1, J, me 

COj = 1, eCJIH j -H HCXO^HBIH ^OKyMCHT 
HcnojiB3yeTCii Rim pemeHHn i -oh npn- 
Kjia^Hoii 3a^ann chctcmbi h co~ =0, b 
npoTHBHOM cjiynae. BBe^eM nepeMeH- 
HBie X = \\x mi ||, m = 1, M, i = 1, / - nepe- 
MeHHan OTpa5xaK>man pacnpeAejieHHBie 
i -oh npHKjia^HOH 3a#aHH b m - oh xjia- 
CTep (rpynny) 3a^an. B ji aHHOM cjiynae 


TOBKH y'-TO ^OXyMCHTa, C • - CTOHMOCTB 

pa3pa6oTKH i -oh 3a^ann, Sj - ctohmoctb 
no^roTOBKH y'-oro ^oxyMeHTa. 

Heo6xo^HMO pa36nTB CHCTeMy Ha 
no^MH05KecTBa npHKjia^HBix 3a^an h 
HC nOJIB3yeMBIX HMH ^OXyMCHTOB TaXHM 
o6pa30M, HT 06 bI MHHHMH3HpOBaTB B3a- 
HMOCBH3H MOK^y KJiaCTepaMH npHKJia^- 
hbix 3a^an h ^oxyMeHTOB b npoijecce 
npOeKTHpOBaHHH aBTOMaTH3HpOBaHHOH 
CHCTeMBi. 

Onpe^enHM ^onojiHHTejiBHBie nepe- 
MeHHBie cjie^yiomHM o6pa30M: 


1, earn 


a mj “ 


0, ecnu 


x m . (D.. > 1, 
JX co.. = 0. 


( 6 ) 


fl,aHHan nepeMeHHaa OTpa5xaeT hc- 
nojiB30BaHHe j -ro ^oxyMemu ^jhi pe- 
hichhh 3 a#an m -ro xnacTepa. 


1, ecnu 


P in = 


0, ecjm 


Z "* y,. - '• 
Z y ,. = °- 


(7) 


IlepeMeHHaa p in OTpa>xaeT HcnojiB- 
30BaHne b npoijecce pemeHHn i -oh 3a- 
^ann n -ro xnacTepa ^oxyMeHTOB. 

B3aHMOCB^3H Mejx^y xjiacTepaMH 
npnxjia^HBix 3a#an h ^oxyMeHTOB onpe- 
AeJI^IOTCa H3 BBipa5xeHHn: 

1, ecnu TTa B >1, 

r„= (») 

0, ecnu ZZ“«A=o. 

3a^any xjiacTepH3ai^HH npoexTHpy- 

eMOH aBTOMaTH3HpOBaHHOH CHCTCMBI 
c(JiopMyjiHpyeM cjie^yiomHM o6pa30M. 

Heo6xO^HMO MHHHMH3HpOBaTB $yH- 
XI^HIO BH^a 


[l, ecnu i-an npuKJiaduaH 3adana pacnpedejinemcn m-u KJiacmep , 
[0, e npomueuoM cnynae. 


AHajiorHHHO BBe^eM nepeMeHHyio 

Y = | y in I’ n = l > N ’ J' = U r ^ e 


M 

Xx.,=l,/ = 1,7; (10) 

- BXjHoneHHe ^oxyMeHTa tojibxo b 
o/jhh xnacTep ^oxyMeHTOB 

£y M =lJ = W; (ii) 

- BpeMn pa3pa6oTXH xa>x^oro xna- 
CTepa 3a^an 

X h X mi + ^ T j a mj - T m » m - 1? M; (12) 

- ctohmoctb npoexTHpOBaHHa xa>x- 
^oro xnacTepa 3a^an 

I J 

Xc x m . + J'jS. a m . < R m , m = 1 ,M; (13) 

- hhcjio npHXjia^HBix 3a^an b xna- 

CTepe 

i 

x m . < p o , m = 1 ,M; (14) 

- HHCJIO HCXOAHBIX ^OXyMCHTOB B 

xjiacTepe 

j 

Yjyj-~S,,n = \,N. (15) 

nocTaBjieHHan 3a^ana (6-15) otho- 

CHTCH X 6jIOHHO-CHMMeTpHHHBIM 3a^a- 
naM ^HexpeTHoro nporpaMMHpOBaHHu. 

BblBOAbl 

Pa3pa6oTaH h npe£Ji05xeH hobbih 
xjiacc 3a^an - 6 jiohho-chmmctphhhbic 
3a^an ^ncxpeTHoro nporpaMMHpOBaHHa, 
OTJIHHaiOHlHXCH OT Tpa^HIlHOHHBIX nO- 
CTaHOBOX CBOHCTBaMHI HaJIHHHCM pa3- 
jihhhbix THnoB nepeMeHHBix, 6 jiohhocth 
H CHMMeTpHHHOCTH. 

Pa3pa6oTaH hobbih ajiropHTM HTepa- 
THBHBIX OT06pa)XeHHH nOJIHHOMHaJIBHOH 
BBIHHCJIHTeJIBHOH CJI05XHOCTH npH 3a^aH- 

hom 6a3Hce no3BOJiaiOHiHH pernaTB npax- 
THnecxoe 3a#aHH 6 ojibhioh pa3MepHOCTH. 

IIpeAJio}xeHHBie 6 jiohho-chmmc- 
TpHHHBie MO^eJIH H MCTO^BI HCnOJIB30- 
BaHBi npn nocTaHOBxe h pemeHHH pn/ja 
npHXjia^HBix 3a4an. 


y+ = 


1, ecnu j — u doKyMenm pacnpedeneu e n — u miacmep doKyMenmoe, 
0, e npomuenoM cnynae. 
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MANAGEMENT OF INVESTMENT PROJECTS PERFORMANCE 

I. Ryzhenko, Candidate of Technical sciences, Associate Professor 
Kirghiz-Russian Slavic University. B.N. Yeltsin, Kyrgyzstan 

This article deals with the problems of the investment projects management efficiency. We have analyzed specific risks that should be 
considered in the course of development of performance indicators of the investment project. Approaches to solving this problem have been 
identified and substantiated. On the basis of the research the author offers a number of methods for evaluating the stability and efficiency of the 
project, as well as the procedure of calculating the expected project outcome; the author has also formed the stages of simulation modeling, which 
allows estimating the possible range of efficiency variation for different project environments. 

Keywords: performance management of investment projects, simulation modeling, risks of projects, indicators of efficiency of investment 
projects. 
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I n conditions of instability of the 
national economy development 
(including natural and manmade 
disasters, political situation, etc.), when 
developing the investment project 
performance indicators, one should 
consider the risks and uncertainties of the 
project, i.e. incomplete and inaccurate 
information about the terms of the 
project, and risk, i.e. the possibility of 
conditions that could lead to negative 
consequences for all or individual 
participants. 

Thus, the traditional approach 
to solution of this problem is based 
on development of the project 
implementation scenarios, which create 
certain positive or negative deviations 
from the baseline scenario, corresponding 
to the values of performance indicators. 
The risk associated with occurrence of 
certain conditions of the project depends 
on the party, whose interests are the basis 
for its estimation. 

The project is considered to be 
stable if at all possible scenarios it is 
effective and financially realizable, and 
possible adverse effects are eliminated 
by measures under the project activities. 

In order to assess the sustainability and 
effectiveness of the project in conditions of 
uncertainty it is recommended to use the 
following methods: 

1) Aggregative assessment of 
sustainability; 

2) Calculation of the break-even 
levels; 

3) The parameters variation 
method; 

4) Assessment of the expected 
project outcome, taking into account 
the quantitative characteristics of 
uncertainty. 

All methods except for the first, 
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include the development of project 
scenarios in the most likely or most 
dangerous conditions to the participants, 
and assess the financial implications of 
such scenarios. This makes it possible 
to include the need for prevention or 
redistribution of the resulting losses in 
the draft measures. If these measures do 
not ensure sustainability of the project 
implementation, a more detailed study of 
the effect of uncertainty on the feasibility 
and effectiveness of the investment 
project will be required. 

If there is information on the various 
project scenarios, the likelihood of their 
implementation and the values of the 
basic project parameters in relation to 
each scenario, the general indicator 
of performance can be defined - the 
expected effect of the integral (expected 
NPV). Evaluation of the expected project 
performance, taking into account the 
uncertainty, is being produced in the 
presence of information about different 
project scenarios and the likelihood of 
their implementation. Calculations are 
made in the following order: 

1) The entire set of possible 
project scenarios is described; 

2) For each scenario the cash 
flows of the project are examined; 

3) For each scenario, each step of 
the billing period and the summarizing 
performance indicators are determined; 

4) The financial feasibility of the 
project is checked. Breach of feasibility 
is seen as a necessary condition for 
termination of the project (this takes into 
account losses and gains of participants 
associated with liquidation of the 
company because of its insolvency); 

5) Background information 
on the uncertainties is presented in 
the form of probabilities of individual 
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scenarios, or intervals of the change of 
these probabilities. This defines a class 
of admissible (consistent with available 
information) probability distributions of 
the project performance; 

6) The risk of infeasibility of the 
project is estimated - the total probability 
of scenarios under which the conditions 
of the financial feasibility of the project 
are violated; 

7) The risk of failure of the 
project is assessed - the total probability 
of scenarios under which the integral 
effect (NPV) is negative; 

8) The average damage from the 
project is estimated (if it is ineffective); 

9) The generalizing performance 
indicators of the project are defined on 
the basis of performance of individual 
scenarios, taking the uncertainties into 
account. 

The main indicator used to compare 
different projects (design options) and 
select the best of them, is an integral 
indicator of the expected effect (NPV). 
Methods for determining the parameters 
of the expected effect are used depending 
on the available information about the 
uncertain conditions of the project. 

The probabilistic description of the 
project conditions can be applied when 
the project effectiveness is affected, 
first of all, by the uncertainty of 
natural - climatic conditions (weather, 
characteristics of soil and mineral 
reserves, the possibility of earthquakes 
or floods, etc.), or the processes of 
operation and depreciation of fixed 
assets (decreasing state of structures 
and buildings, equipment failure, 
etc.). Fluctuation in the prices of the 
production manufactured and resources 
consumed can also be described by the 
probability distribution. 
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In the case where the number of 
scenarios is finite and their probabilities 
are given, the expected effect of the 
integrated project is calculated as 
follows: 

KPV xp = ^P k NPV t , (1) 

k 

where NPV exp - expected integral 
effect of the project; 

p k - probability of the scenario; 

k = 1,2, ... - number of scenarios; 

NPV k - integrated effect of the 
scenario. 

The risk of failure of the project and 
the average loss from the project (if it 
is ineffective) are determined by the 
following formulas: 

{2) 

k 

where p - risk of failure of the 
project; 

U. nef - the average loss for scenarios 
with negative values of integral effects. 

Let's consider the option, when at 
a certain stage the project is terminated 
due to the unforeseen circumstances 
(natural and man-caused disaster, 
changing market conditions, political 
events, wars, etc.). Accordingly, we will 
introduce additional terms and conditions 
of an integral evaluation of the expected 
effects of the project into the formula (1): 

NPV (3) 

k 

where p H - the probability of 
termination of the project. 

The condition of the project is defined 
by the minimum possible damage in the 
event of unforeseen circumstances: 

(“El M> V t\PtW-Pn)^> min ( 4 ) 

When determining the parameters 
of the investment project in conditions 
of uncertainty of the project we face 
difficulties in describing the analytical 
expressions of interdependence of the 
project parameters due to absence or 
insufficiency of information about the 
occurrence of various events. Simulation 
modelling using the Monte-Carlo method 
provides the possibility to analyze 
scenarios in conditions of insufficiency 


of information on the project. The result 
of this analysis supports the probability 
distribution of possible project outcomes. 

Simulation modelling by the Monte 
Carlo method allows us to constmct a 
mathematical model for a project with 
uncertain parameter values, knowing only 
the probability distributions of the project 
parameters and also the relationship 
between changes in parameters 
(correlations) - in order to obtain the 
project profitability distribution. 

The following steps are taken when 
forming scenarios with the use of 
simulation modelling: 

1) Intervals of possible changes of 
original variables, within which these 
variables are random, are defined; 

2) Types of the probability 
distribution within specified intervals 
are determined; 

3) The correlation coefficients 
between dependent variables are 
established; 

4) The resulting figures are 
calculated; 

5) The resulting figures obtained are 
treated as random variables, to which such 
characteristics as expectation, variance, 
distribution function and probability 
density correspond; 

6) Probability for the resulting 
performance to get into a certain interval, 
as well as the probability of exceedance 
of the minimum permissible value, etc. 
are determined. 


Analysis of the resulting parameters at 
the generated scenarios allows to evaluate 
the possible range of their variation 
under different conditions of the project. 
Probabilistic characteristics are used to: 

Make investment decisions; 

Rank projects; 

Justify the formation of 
reserve funds. 

The probability distribution of 
possible project outcomes acts as the 
result of this comprehensive analysis. 
If the risk analysis determines that the 
decision-making level for low-profit 
projects is improved, the chances to get 
a satisfactory income will exceed the 
probability of unacceptable losses. 
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In this paper authors consider the influence of conditions for formation of nitride phases on the cavitation stability of the Cr-Mn-V-N austenitic 
steels. Influence of isothermal treatment on the mode of austenite hardening had been established by the electrochemical phase, X-ray structure and 
mechanical methods of analysis. The temperature of annealing at 700°C determined in this work is new to the subject. It creates the opportunity 
to form the greatest quantity of dispersion hardening nitrides. Such temperature provides optimum conditions for obtaining cavitation resistance 
for steel ‘T7X15T19AO”. 
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O ne of the main trends in 
development of the heat power- 
generating industry is the growth of 
the specific power of energy blocks 
while correspondingly increasing their 
efficiency to 48-50%. This predetermines 
the transition to higher steam parameters: 
pressure up to 35 MPa, temperature up to 
650°C [1,2]. 

The necessary condition for attaining 
the set aim is introduction of the new 
promising scientific and engineering 
innovations, which would allow to 
handle a number of technical problems 
comprehensively. These problems arise 
when developing the blocking and 
regulating details, which work under 
conditions of micro-impact action of the 
medium flow, i.e. cavitation. 

Analysis of the state of the 
problem has shown today austenitic 
stainless steel 08X18H10T remains 
the main constructional material for 
manufacturing the blocking-regulating 
units of pipeline fittings in the global and 
home practice [3]. But as for the level 
of strength characteristics and durability 
under conditions of cavitational action 
of the medium flow and scratching the 
contact surface, this steel does not meet 
the present-day demands. It restrains 
the progress in rising the operating 
parameters, reliability and service life 
of equipment. Besides, the substantial 
disadvantage of austenitic chromium- 


nickel steel is the necessity to alloy it 
with expensive and not readily available 
nickel. Introduction of manganese and 
nitrogen contributes to more economical 
mode of alloying. The lack of deep 
scientific and engineering research in this 
field however constitutes one of the main 
reasons to explain why the technology of 
alloying steel with nitrogen, manganese 
and nitride-forming elements is not 
demanded for developing the corrosion- 
proof and cavitation resistant steels. 
Another reason for that is the problem 
of structure formation and distribution 
of nitrogen between solid solution and 
nitride phases isolated in the process 
stages (hot and cold steel deformation), 
and in the process of micro-impact of 
the surroundings under conditions of 
cavitation. The problems of influence of 
the chemical composition, schedules of 
heat treatment, phase steel composition, 
parameters of micro- and substructure, 
low degrees of cold plastic deformation 
and micro-impact action on the kinetics 
of y— >e— xx phase transformation and 
hardening of phases under formation, 
change of micro- and substructure and 
the influence of these factors on the 
destruction resistance of steel during 
micro-impact action remain to be studied. 

To solve the existing problem, 
the alloying system Cr-Mn-V-N had 
been chosen as the object of study in 
the present work. This system creates 


a possibility to develop high-strength 
corrosion-resistant grades of steel with 
nitride hardening. 

Smelting of steels was carried out in 
the induction furnace 1ST 0.16 with acid 
lining, using the method of re-melting 
technically pure materials. The final 
deoxidizing and modification of steels 
was implemented with aluminum and 
silicocalcium. 

To attain 3 basic kinds of austenite 
hardening - solid solution, dispersion 
and mixed hardening - the quantity 
and composition of nitride and carbide 
phases being formed depending on the 
temperature of isothermal treatment - 
chemical phase analysis was used. 

With the purpose of reaching the 
steel balance, the time of isothermal 
soaking had been determined from the 
work [4] on the basis of the data about 
influence of the temperature (from 1200 
till 700°C) on the mass speed of isolating 
VN particles in the Cr-N austenite. 

The chemical analysis of the steel 
under study is presented in the Table 1 . 

Phases under study had been isolated 
using the electrochemical method of 
dissolving the metallic samples base 
[5]. Electrolytic metal dissolving and 
compounds isolating were carried out 
on samples 0 20 mm and h = 80 mm. 
Electrolysis was carried out in the field 
of direct dependence of overvoltage 
value on the current density logarithm. In 


Tab. 1. 


Chemical analysis of the steel grade “17X15T19A<I> ” 


Chemical analysis, % 

C 

Si 

Cr 

Mn 

N 

V 

A1 

S 

P 

0.17 

0.08 

14.89 

18.97 

0.223 

0.32 

0.045 

0.011 

0.013 
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Chemical analysis of inclusions isolated from the steel “17X15T19A<D ” 


Tab. 2 


Samples 

marking 

Conditions of isothermal 

treatment 

Chemical analysis 

Temperature, 

°C 

Duration, h 

N . 

comb 

Cr 

comb 

Mn , 

comb 

V . 

comb 

A1 . 

comb 

K.l 

1200 

2 

0.0016 

0.0326 

0.012 

0.0063 

0,0046 

K.2 

1100 

4 

0.0074 

0.0403 

0.023 

0.0093 

0,0052 

K.3 

1000 

6 

0.0150 

0.3110 

0.017 

0.0168 

0,0094 

K.4 

900 

10 

0.0199 

0.2740 

0.013 

0.1080 

0,0102 

K.5 

800 

20 

0.0445 

1.0580 

0.048 

0.1250 

0,0117 

K.6 

700 

30 

0.0567 

0.3660 

0.047 

0.1410 

0,0101 


Note: after isothermal treatments the samples were cooled in water 



Figurel. Dependence of the nitrogen content (a), chromium content (curve 1), vanadium content (curve 2), manganese 
content (curve 3) (b), and the total content of elements combined in nitrides (Ncomb + Crcomb + Vcomb + Mncomb) (c) 

at the annealing temperature, °C 


accordance with the Tafel’s equation [6] 
this field corresponds to electrochemical 
stage of the process. Extraction of the 
nitrogen-containing phases had been 
carried out in the aqueous electrolyte 
containing 15% NaCl and 2.5% tartrate 
acid in potentio static operating regime 
created by the potentiostat 10-20PEB. 
Nitride and carbonitride phases in 
the shape of anodic precipitate had 
been isolated from the steel, because 
their oxidizing potentials in the given 
electrolyte were bigger than that of 
the metallic base. Implementation of 
electrolysis with the potential smaller 
than that of the phases under isolation 
favored such result. A small collodium 
bag had been set in the electrolytic cell 
between the sample and cathode for the 
purpose of collecting inclusions. After 
finishing the electrolysis the precipitate 
together with electrolyte had been moved 
from the collodium small bag into wide 
polyethylene test-tubes and was washed 


off from the electrolyte using the step- 
by-step operations of centrifuging at 
5000 rpm and decantation. Isolation of 
inclusions has been carried out in two 
series of experiments. In the first series 
inclusions were prepared for X-ray 
structure analysis. For this purpose 
inclusions had been dried up to the 
constant weight in the exicator above the 
concentrated H 2 S0 4 . In the second series 
of experiments isolation of inclusions 
has been carried out to determine their 
chemical analysis. Inclusions were 
dissolved in concentrated H 2 S0 4 with 
additional wet fusion in the melt of 
Na 2 S0 4 with H 2 S0 4 . Obtained solutions 
have been transferred to the measuring 
flasks, and the content of elements 
combined in nitride and carbide phases 
(N , , V , , C , , Mn , and A1 J 

v comb 7 comb 7 rcomb 7 comb comb 7 

has been determined in aliquote parts. 

Nitrogen was determined using 
the photocolorimetric method by the 
intensivity of complex compound 


coloring - oxiamidodimercure, formed 
by the interaction of NH 4+ ions with 
K 2 [HgJ 4 ] [7]. As a preliminary, nitrogen 
in the form of NH 3 has been isolated 
from the alkaline solution using the 
steam aspiration method. Vanadium and 
chrome have been determined by the 
oxidation-reducing method by means 
of volume analysis. Titration has been 
carried out step-by-step in one and the 
same solution, at first VO 3 ' ion was 
reduced using the solution of FeS0 4 , 
then, after the oxidation, the sum of 
VO 3 ' + Cr 2 O y 2 ' was reduced in its turn 
[8]. The content of manganese has been 
determined by the volume method, by 
reducing MnO 4 ' ions using the solution of 
sodium arsenite [9]. Aluminum has been 
determined using the photocolorimetric 
method by coloring intensivity of the 
complex compound of aluminum with 
aluminone [10]. The results of analysis 
are presented in the Table 2. 

As follows from the obtained results, 
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Quantity of non-metallic phases in the homogenized steel (1200°C - 2 hours - water) 
depending on the temperature of isothermal treatment 


Samples 

Marking 

Conditions of isothermal treatment 

Mass share of non-metallic phases, % 

Temperature °C, 

Duration, hours 

VN 

Cr 2 N 

Cr 23 C 6 

MN 

AIN 

K.l 

1200 

2 

0.008 

- 

- 

- 

0,017 

K.2 

1100 

4 

0.013 

- 

0.084 

- 

0,019 

K.3 

1000 

6 

0.083 

0.008 

0.104 

- 

0,034 

K.4 

900 

10 

0.092 

0.049 

0.209 

- 

0,037 

K.5 

800 

20 

0.179 

0.055 

0.213 

0.044 

0,043 

K.6 

700 

30 

0.180 

0.050 

0.248 

0.043 

0,037 


Note: after isothermal treatments the samples were cooled in water 



after solidification and homogenizing 
annealing at 1200°C (sample K.l) 
the steel contains minimum quantity 
of nitrogen in the combined state 
(Fig. l,a). Lower temperatures of 
isothermal soaking within the determined 
interval lead to increasing N comb i.e., 
to increasing the formation of nitrogen 
containing phases. Other alloying 
elements, with the exception of chromium 
(at 700°C) show the same trend (Fig. lb). 

Since isolated phases contain more 
chromium, the general dependence of 
quantity of the formed phases is specified 
by the curves shown on the Fig. lc. 

Determination of the qualitative 
and semi-quantitative composition of 
different crystal phases in samples has 
been carried out on the unit ^POH-3 
(DRON-3) in copper radiation. When 
identifying the structures the authors 
used the Diffraction Data File of the 
American Society for Testing Materials 
(ASTM File [11]) and reference data in 
the tables of the File [12]. 
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The results of the phase analysis of 
isolated compounds showed that during 
high-temperature isothermal treatment 
the formation of nitrides in the steel under 
study took place to a very insignificant 
degree. Alumina (a - A1 2 0 3 ) is present in 
inclusions isolated from samples under 
high-temperature treatment (K.l, K.2 
and K.3), as well as very little of AIN 
and VN. The most intensive maxima 
of alumina has been also determined: 
d = 3.47 A; 2.55 A; 2.08 A; 1.74 A and 
1.60 A . 

The main quantity of dispersion 
hardening phases is formed at lower 
temperatures of isothermal treatment. 
In the first place, these are hexagonal 
nitrides VN 0 35 , which gave the most 
intensive reflections in diffractograms 
of samples K.5 and K.6 corresponding 
to d = 2. 153 A; 1.286 A, and tetragonal 
nitrides VN. It is possible to make a 
statement about the presence of VN 
by values d = 2.091 A; 1.235 A and 
1.116 A. Chromium in these samples 


forms a few phases: hexagonal nitrides 
Cr 2 N with d = 2.40 A; 2.22 A; 2.11 A; 
1.183 A and 1.166 A; cubic nitrides 
CrN with d= 1.463 A; 1.249 A; 1.197 A 
and 0.846 A, as well as cubic carbides 
Cr 23 C 6 with d = 2.37 A; 2.7 A; 1.26 A; 
1.23 A and others. Proceeding from the 
calculation of the element content in 
precipitates, the data of X-ray structure 
analysis of precipitates and the literary 
data about the possible presence of 
non-metallic phases in Cr-Mn-V-N 
austenitic steels [13], the authors have 
determined the phase steel composition 
and the changes depending on the 
temperature of isothermal treatment 
(Table 3). 

The obtained results show that 
nitrogen combines practically only with 
vanadium. Mass share of vanadium 
nitrides at the ageing temperature 
700°C attains 0.18%, which makes 44% 
of the theoretically possible quantity 
of vanadium nitrides in the case of 
complete combination of the vanadium 
in steel and nitrogen into nitrides. 
Experimental conditions of dispersion 
nitride vanadium hardening of austenitic 
matrix are attained most completely 
under ageing at 700°C. 

Homogenizing under conditions 
1200°C - 2 hours - water ensures 
practically homogenous state of the 
matrix, i.e., only its solid phase hardening 
with C, N, V, Cr. 

Under ageing in the interval 900°C 
- 1000°C the mass share of nitrides 
VN particles makes only about 50% of 
their quantity at the ageing temperature 
700°C, i.e., it is possible to assume that 
matrix is in mixed solid solution and 
dispersion hardening. 

An important result of the phase 
analysis consists in the fact that chromium 


Fig. 2: a - mass loss (AP) of steel samples after 20 hours of testing for cavitation 
resistance; b - influence of the mode of austenite hardening on the degree of 
strain hardening at upsetting samples by 12-16%. 1 - solid phase hardening 
(homogenization at 1200 °C); 2 - complex hardening (ageing at 900°C); 

3 - dispersion hardening (ageing at 700°C). 
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depletion of the solid austenite solution 
due to forming chromium nitrides and 
carbides with mass share not exceeding 
40% can’t decrease corrosion resistance 
of steel. 

It must be also noted that only 25% 
of nitrogen in steel is used for nitrides 
formation, what means that austenitizing 
effect of nitrogen is kept. 

When using articles of cavitation 
resistant steels at elevated temperatures, 
for example, in heat power industry, 
an important factor of their operating 
longevity is the heat stability of metal 
strain hardening. 

On the basis of results of testing 
steel for cavitation resistance, as to mass 
loss, APxlO 2 , kg/m 2 (Fig. 2, a) and as to 
hardness increase, AHB (Fig. 2,b), it was 
determined in the work that substitution 
of solid solution hardening of austenite 
for dispersion hardening raises the 
degree of strain hardening. 

The results of electrochemical phase 
analysis and X-ray structure analysis 
correlate with these data. The temperature 
of annealing 700°C determined in this 
work is new to the subject. It creates 
the opportunity of forming the greatest 
quantity of dispersion hardening nitrides. 
Such temperature ensures optimum 
conditions for obtaining cavitation 
resistance for steel “17X15T19AO”. 
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